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APPENDIX A
COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT

No changes have been made to this Appendix.
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TENNESSEE WILDLIFE RESOQURCES COMMISSION
PROCLAMATION
ENDANGERED OR THREATENED SPECIES

- b PRI N

Pursuant to the authority granted by Tennessee Code Annotated,
Sections 51-905 and 51-907, the Tennessee Wildlife Resources Commission
does hereby declare the following species to be endangered or threatened
species subject to the regulations as herein provided. Said regulations
shall become effective sixty days from this date.

SECTION I. ENDANGERED OR THREATENED SPECIES

MOLLUSCS
ENDANGERED
Birdwing pearly mussel Conradilla caelata
Dromedary pearly mussel Dromus dromas
Yellow-blossom pearly mussel Epioblasma (-Dysnomia) florentina
florentina
Green-blossom pearly mussel Epioblasma (-Dysnoma) torulosa
gubernaculun
Tuberculed-blossom pearly mussel Epioblasma (-Dysnomia) torulosa
torulosa :
Turgid-blossom pearly mussel Epioblasma (-Dysnomia) turgidula
Tan riffle shell pearly mussel Epioblasma (-Dysnomia) walkeri
Fine-rayed pigtoe pearly mussel Fusconata cuneolus
Shiny pigtoe pearly mussel Fugconata edgartana
Pink mucket pearly mussel Lampsilis orbtculata orbiculata
White warty-back pearly mussel Plethobasis cicatricosus
Orange-footed pimpleback Plethobasig cooperianus
Rough pigtoe pearly mussel Pleurobema plenum
Cumberland monkeyface pearly Quadrula intermedia
mussel
Appalachian monkeyface pearly Quadrula sparsa
mussel
Pale 1illiput pearly mussel Toxolasma (-Carunculina) cylindrella
Painted snake coiled forest snail Anguispira picta
FISH
ENDANGERED
Lake Sturgeon Acipenser fulvescens

Ohio River Muskellunge
(in Morgan, Cumberland,
Fentress & Scott Counties)

Esox masquinongy ohioensis

Barren's Topminnow Fundulus sp. (ef. F. albolineatus)
Spotfin Chub Hybopsis monacha

Yellowfin Madtom Noturus flavipinnis

Snail Darter Percina tanasi

. P . No. 75-15%
*Section I amended by Proc. No. 77-4 roc. No. 7

dated May 13, 1977, Proc. No. 78-14
dated Sept. 22, 1878; and, Proe. No. 78-20
dated Dee. 8, 1978.
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SECTION I.

(Continued)

THREATENED

Silverjaw Minnow
Slender Chub

Blue Sucker

Pigmy madtom
Frecklebelly Madtom
Slackwater Darter
Coldwater Darter
Trispot Darter
Duskytail Darter
Coppercheek Darter
Loughead Darter
Amber Darter
Reticulate Loungperch

THREATENED

Tennesgee Cave Salamander

THREATENED

Northern Pine Snake
Western Pigmy Rattlesnake

ENDANGERED

Mississippl Kite
Golden Eagle

Bald Eagle

Osprey

Peregrine falcon
Red-cockaded Woodpecker
Raven

Bachman's Sparrow

THREATENED

Sharp~-shinned Hawk
Cooper's Hawk

Marsh Hawk

Bewick's Wren

Grasshopper Sparrow
Black-Crowned Night Heron

Page 2 of 3 Pages

FISH (Continued)

Ericymba. bucatta
Hybopsie cahni

Cycleptus elongatus
Noturus sp. (cf. N. hilderbrandi)
N. moitus

Etheoetoma boschungt

E. ditrema

E. trigella

E., (Catonotus) sp.

E. 8p. (ef. E. maculatwm)
Percina macrocephala

P, (Imostoma) sp.

P. 8ap. (ef. P. caprodes)

AMPHIBIANS

Gyrinophilus palleucus

REPTILES .

BIRDS

Pituophie m. melanoleucus
Sietrurus miliarius streckeri

Ictinea mississippiensts
Aquila chryeaetos

Baliaeetus leucocephalus
Pandion haliaetus

Faleco peregrinus

Picoides borealis

Corvus corax

Aimophila aestivalie bachmanii

Accipiter striatus

A. coopert

Circug cyaneus hudsonius
Thyromanes bewickit
Ammodramus savannarm
Nyeticorax nycticorax

- Proc. No. 75-15%

*Section I amended by Proc. No. 77-4

dated M
dated Sépt. 22, 1
dated Dec. 8. 197

13, 1977, Proc. No, 78-14

3978; and, Proe. No. 78-20
8 -
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SECTION I. (Continued)

MAMMALS
ENDANGERED
Eastern Cougar Feliz concolor cougar
.Indiana Myotis Myotie sodalis
Gray Myotis Myotis grisescens
THREATENED
River Otter Lutra canadensis

SECTION II. REGULATIONS

Except as provided for in Tennessee Code Annotated, Section 51-906
(d) and (e), it shall be unlawful fdr any person to take, harass, or
destroy wildlife listed as threatened or endangered or otherwise to violate
terms of Section 51-905 (c) or to destroy knowingly the habitat of such
species without due consideration of alternatives for the welfare of the
species listed in (1) of this proclamation, or (2) the United States list
of Endangered fauna.

Date: June 12, 1975

Proc. No. 75-15*
4Section I amended by Proc. No. 77-4
dated May 13, 1977, Proc. No. 78-14
dated September 22, 19785 and, Proc. No. 78-20
dated Dec. 8, 1978.



United States Department of the Interior
FISH AND WILDLIFE SERVICE
PLATEAU BUILDING, ROOM A-5
50 SOUTH FRENCH BROAD AVENUE
ASHEVILLE, NORTH CAROLINA 28801

November 5, 1981

N > \/”c
0
o

NOV1 Y 1581w 5

Mr. Paul S. Check

Director

CRBR Program Office z
Office of Nuclear Reactor Regulation \/\ Usde mmﬂ >
Nuclear Regulatory Commission \ %2> ' ~J?

Washington, DC 20555

Re: 4-2-82-047
Dear Mr. Check:

We have reviewed the proposed Clinch River Breeder Reactor Plant in Anderson
County, Tennessee, as requested by letter of October 26, 1981, received
October 29, 1981.

Federally listed Endangered (E) and/or Threatened (T) and/or species
proposed for listing as Endangered (PE) or Threatened (PT) may occur in the
area of influence of this action,

To facilitate compliance with Section 7(c) of the Endangered Species Act of
1973, as amended, Federal agencies or designated non-Federal representatives
are required to obtain from the Fish and Wildlife Service information
concerning the possible presence of any species, listed or proposed to be
listed, which may be present in the impact area of a proposed major Federal
action significantly affecting the quality of the human environment.
Therefore, we are furnishing you the following list of species which may be
present in the concerned area: '

Gray bat (Myotis grisescens) - E

white warty-back pearly mussel (Plethobasis cicatricosus) - E
Dromedary pearly mussel (Dromus dromas) - E

Yellow-blossom pearly mussel (Epiocblasma florentina florentina) - E
Fine-rayed pigtoe pearly mussel (Fusconaia cuneolus) - E

shiny pigtoe pearly mussel (Fusconaia edgariana) - E

Pink mucket pearly mussel (Lampsilis orbiculata orbiculata) - E
Orange-footed pearly mussel (Plethobasis cooperianus) - E

Rough pigtoe pearly mussel (Pleurobema plenum) - E

Birdwing pearly mussel (Conradilla caelata) ~ E :
Green-blossom pearly mussel (Epioblasma torulosa gubernaculum) - E
alabama lamp pearly mussel (Lampsilis virescens) - E

Slender chub (Hybopsis cahni) - T

In addition to listed and proposed Endangered and Threatened species, there
are species which, although not now listed or officially proposed for
listing as Endangered or Threatened, are under status review (SR) by the
Service and may be listed at some time in the future. Status review species

80414 811109
DOCK osoooggg
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are not legally protected under the Endangered Species Act and the
biological assessment requirements do not apply to them. However, we would
appreciate any efforts you might make to avoid adversely impacting them.

The following species under status review may occur within the project area:

Cimicifuga rubifolia
Saxifraga careyana
Spiny River snail (Io fluvialis)

Section 7(c) and regulations being prepared to implement Section 7(c) also
require the Federal agency or the designated non-Federal respresentative
proposing a major Federal action to conduct and submit to the Service a
biological assessment to determine the effects of the proposal on listed and
proposed Endangered and Threatened species. The biological assessment shall
be completed within 180 days after the date on which initiated or within a
time frame mutually agreed upon between the agency and the Service and
before initiating the proposed action. 1If the biological assessment is not
begun within 90 days, this list must be verified informally (via phone) with
us prior, to initiation of your assessment. We do not feel that we can
adequately assess the effects of the proposed action on listed and proposed
Endangered and Threatened species or Critical Habitat without a complete
assessment. When conducting a biological assessment, the Federal agency or
the designated non-Federal representative must, at a minimum:

1. Conduct a scientifically sound on-site inspection of the area affected
by the action, which must, unless otherwise directed by the Service,
include a detailed survey of the area to determine if listed or
proposed species are present or occur seasonally and whether suitable
habitat exists within the area for either expanding the existing
population or potential reintroduction of populations;

2. Interview recognized experts on the species at issue, including those
within the Fish and Wildlife Service, the National Marine Fisheries
Service, state conservation agencies, universities, and others who may
have data not yet found in scientific literature;

3. Review literature and other scientific data to determine the species'
distribution, habitat needs, and other biological requirements;

4. Review and analyze the effects of the action on the species, in terms
of individuals and populations, including consideration of the
cumulative effects of the action on the species and habitat;

5. Analyze alternative actions that may provide conservation measures;

6. Conduct any studies necessary to fulfill the requirements of (1}
through (5) above;

7.  Review any other relevant information.
Should you require additional information on this subject, please contact

Mr. Gary Henry, Mr. Robert Currie, or Ms. Nora Murdock in the Asheville Area
Office, FTS 672-0321, commercial 704/258-2850, ext. 321.
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After the assessment has been completed and reviewed, it is the
responsibility of the Federal agency to determine if the proposed action
"may affect” any of the listed species or Critical Habitats or if it is
likely to jeopardize the continued existence of proposed species or result
in the destruction or adverse modification of any Critical Habitat proposed
for such species. If the determination is "may affect” for listed species
the Federal agency must request in writing formal consultation from this
office. Requests for formal consultation must include: (1) a description
of the action to be considered; (2) a description of the specific area that
may be affected by the action; (3) a description of any listed species or
Critical Habitat that may be affected by the action; (4) a description of
the manner in which the action may affect any listed species or Critical
Habitat and an assessment of any cumulative effects; (5) reports including
any environmental impact statement, environmental assessment, or biological
assessments prepared; and (6) any other relevant available information on
the action, the affected listed species, or Critical Habitat.

In addition, if the proposed action is likely to jeopardize the continued
existence of proposed Endangered or Threatened species or result in the
destruction or adverse modification of proposed Critical Habitat, the
Federal agency must confer with this office for assistance in identifying
and resolving potential conflicts at an early stage in the planning process.

Attention is also directed to Section 7(d) of the Endangered Species Act, as
amended, which underscores the requirement that the Federal agency and/or
the permit or license applicant shall not make any irreversible or
irretrievable commitment of resources during the consultation period which,
in effect, would deny the formulation or implementation of reasonable
alternatives regarding their actions on any listed Endangered or Threatened
species.

If we can be of further assistance, please advise.

Sincerely yours,

Ao (Ltse

William C. Hickling
Area Manager

cc:

Mr. Bob Hatcher, Wildlife Res. Agency, Nashville, TN
Program Administrator, TN Heritage Program, Nashville, TN
Director, FWS, Washington, DC (OES)

Regional Director, FWS, Atlanta, GA (ARD-FA/SE)

Field Supervisor, ES, FWS, Cookeville, TN

rl .
SOt



United States Department of the Interior
FISH AND WILDLIFE SERVICE
PLATEAU BUILDING, ROOM A-5
50 SOUTH FRENCH BROAD AVENUE
ASHEVILLE, NORTH CAROLINA 28801

September 17, 1982

Mr. Paul S. Check, Director

CRBR Program Office

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

RE: 4-2-82-047
Dear Mr. Check:

We have reviewed your biological assessment of the endangered species
impacts of the proposed Clinch River Breeder Reactor dated August 1982 as
requested by your letter of August 16, 1982, received August 19, 1982.

Your assessment addresses the potential impacts of the proposed project on
the following species:

Gray bat - Myotis grisescens (E)

White wartyback pearly mussel - Plethobasus cicatricosus (E)
Oromedary pearly mussel - Dromus dromas (E)

Yellow-blossom pearly mussel - Epioblasma florentina florentina (E)
Fine-rayed pigtoe - Fusconaia cuneolus (E)

Shiny pigtoe - Fusconala edgariana (t)

Pink mucket pearTy mussel - Lampsilis orbiculata (E)

Orange-footed pearly mussel - Plethobasus cooperianus (E)

Rough pigtoe - Pleurobema plenum (E)

Birdwing pearly mussel - Conradilla caelata (E)

Green-blossom pearly mussel - Epioblasma torulosa gubernaculum (E)
Alabama lamp pearly mussel -~ Lampsilis virescens (E)

Slender chub - Hybopsis cahni (T)

—
WNHOWOSNOTDIH WA
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In addition to these federally listed species, your assessment also
addresses three species which are not currently listed or proposed for
1isting by the Service. These species are:

1. Appa1ach1an bugbane (cimicifuga rub1fo11a)

2. Carey's saxifrage (Saxifraga careyana)

3. Spiny river snail (To fluvialis

The distributional records maintained in this office indicate that these 16
species are the only federally listed, proposed, and status review species

which may occur in the impact area of the Clinch River Breeder Reactor
Project.
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Based upon the information presented and referenced in your assessment, we
concur with your conclusion that this project will have no effect (either
beneficial or adverse) on the federally listed species described above. The
assessment indicates that populations of the two status review plants listed
above are known from the project site and that these populations will be
protected from disturbance both during construction and operation of the
proposed project. The assessment demonstrates that the project will have no
effect on the other status review species (spiny river snail). In view of
this we believe that the requirements of Section 7 of the Endangered Species
Act of 1973, as amended have been satisfied. However, obligations under
Section 7 of the Act must be reconsidered if (1) new information reveals
impacts of this identified action that may affect listed species or Lritical
Habitat in a manner not previously considered, (2) this action is
subsequently modified in a manner which was not considered in this
biological assessment, or (3) a new species is listed or Critical Habitat
determined that may be affected by the identified action.

Your interest and initiative in protecting Endangered and Threatened species
is appreciated.

Sincerely yours,

/. Mg, g

V. Gary Henry
Acting Field Supervisor
Endangered Species

- cc: '

Director, FWS, Washington, DC (OES)

Director, FWS, Washington, DC (PAQ,.Attention: Meg Durham)
Regional Director, FWS, Atlanta, GA (SE) :
Cookeville ES Office, FWS, Cookeville, TN

B-8



APPENDIX C

ADDITIONAL CORRESPONDENCE REGARDING
ARCHEOLOGICAL AND HISTORICAL RESOURCES



TENNESSEE DEPARTMENT OF CONSERVATION

TENNESSEE HISTORICAL COMMISSION
701 Broadway

Nashville, TN 37203
615/742-6716

May 17, 1982

Mr. Maxtwell D. Ramsey
Program Manager, Cultural Resources

-Division oF Lamdand Forest Resources

Tennessee Valley Authority
Norris, Tennessee 37828

Re: Clinch River Breeder Reactor Project (QRBRP)-review of
recent archaeological, historical and architectural
identification studies

Dear Max:

The above reports were reviewed by the State Historic Preservation
Officer and his staff with regard to compliance in federal historic
preservation laws and regulations. Based on the information supplied
and previous work in the CRBRP area, it is our opinion that the project
as presently planned will not affect any properties included in or
eligible for inclusion in the National Register of Historic Places.

No further action is required to comply with the National Historic
Preservation Act unless project plans are changed or archaeological
sites are discovered during construction.

Thank you for your continued cooperation.
Sincerely,

M{Aﬁw

Herbert L. Harper

Executive Director and

Deputy State Historic
Preservation Officer

HLH:sd
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TENNESSEE DEPARTMENT OF CONSERVATION

TENNESSEE HISTORICAL COMMISSION
701 Broadway

Nashville, TN 37203
615/742-6716

September 8, 1982

Maxwell D, Ramsey
Tennessee Valley Authority
Norris, Tennessee 37828

Re: Transmission Line, Clinch River Breeder Reactor
Plant, Oak Ridge,‘Tennessee

Dear Mr, Ramsey:

This letter is to confirm prior telephone conversations between your and

my staff concerning the need for field survey of CRBRP transmission lines,
Since the proposed line parallels an existing Bull Run-Sequoyah 500 KV 1ine
and the section on the Plant site has been examined, the effects will be
limited to tower footing construction, Therefore a separate archaeological
and historical field survey is not warranted, If during tower construction,
archaeological materials are encountered our office should be informed,

No further action is required to comply with the National Historic Preservation
Act for this phase of the CRBRP project,

Thank you for your cooperation,

Sincerely,

Aeckest Brger

Herbert L. Harper,

Executive Director and

Deputy State Historic
Preservation Officer

HLH: jd

9/14,/82~-JBG:TDD
cc: Mr. Ken Yates
Public Safety Division
CRBRP /PO
Box U
55 Jefferson Circle
Oak Ridge, Tennessee 37830

T. A. Wojtalik, 323 CBB-C C-2



APPENDIX D

ENVIRONMENTAL EFFECTS OF THE CRBR FUEL CYCLE AND
TRANSPORTATION OF RADIOACTIVE MATERIALS

The material in this appendix replaced the material in Appendix D in the
original issuance of the FES.

D.1 INTRODUCTION

In February 1977 the Nuclear Regulatory Commission (NRC) issued NUREG-0139 (NRC
1977a), "Final Environmental Statement Related to Construction and Operation of
Clinch River Breeder Reactor Plant" (CRBRP). The environmental effects of the
CRBR fuel cycle and of the transportation of radicactive materials between
supporting facilities were considered in Appendix D of that document based upon
the then-postulated future commercial facilities. The NRC Atomic Safety and
Licensing Board admitted contentions of intervenors (Natural Resources Defense
Council, et al.) relating to the alleged inadequacy of the Appendix D analysis
to address environmental impacts of the specific CRBR fuel cycle, including
location and mode of operation for the management of radioactive wastes. The
analysis which follows addresses both new information and responds to the
admitted contentions.

In the Appendix D analysis, the NRC staff considered the applicants’' environ-
mental analysis which was supplied in their Environmental Report on the CRBRP,
as amended (AEC 1974a). As part of that analysis for fuel cycle impacts, the
applicants relied on the Atomic Energy Commission (AEC) and Energy Research
and Development Administration (ERDA) generic programmatic environmental impact
statements for 1iquid metal fast breeder reactors, WASH-1535 (AEC 1974c) and
ERDA-1535 (ERDA 1975a). That analysis assumed the availability of commercial-
scale facilities to support a large-scale LMFBR fuel cycle and considered the
total impacts of an entire breeder industry. The applicants estimated the
impacts of the CRBR fuel cycle by prorating the impacts of a large breeder
industry to the corresponding CRBR fuel cycle. The factor used represented
that fraction of the total industrial LMFBR thermal power output to that
attributable to CRBRP.

In the mid-1970s, the staff considered this method acceptable since commercial-
scale reprocessing and recycle facilities were planned for the LWR fuel cycle
and could be projected to be applicable to the CRBR fuel cycle. Accordingly,
the staff followed this rationale to some extent in preparing the CRBRP Draft
Environmental Impact Statement, which was issued in February 1976. However,
“in the CRBRP Final Environmental Statement (NRC 1977a), the staff relied to a
large extent on information derived from its own staff work on generic fuel
cycle models, such as those published in NUREG-0002, i.e., GESMO (NRC 1976a)
and Table S-3 of 10 CFR 51. The staff also used environmental impact data it
had developed for the Barnwell Nuclear Fuel Plant (NRC 1976b). These analyses
depend, in large measure, upon the nearly 40-year -experience that has been
gained in reprocessing facilities used in government programs and currently
operating under contract for the Department of Energy (DOE).
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At the present time there appears to be Tittle prospect of commercial opera-
tions which could support the CRBR fuel cycle requirements in the near future.
Consequently, DOE (now the Tead applicant) plans to undertake CRBRP supporting
fuel cycle functions at its own facilities. The technology of processes and
services for the fuel cycle remains essentially the same as originally perceived.
The updated ER and this EIS address the proposed use of DOE facilities rather
than commercial suppliers. Therefore, DOE has responded to the contentions on
fuel cycle considerations by amending its Environmental Report with Amendment XIV
(DOE 1982), which addresses the facilities now proposed by the DOE for use in
the CRBR fuel cycle, and the environmental impacts of using those facilities.

The staff has used Amendment XIV to the CRBR Environmental Report as a basis

for performing an independent assessment of the environmental effects of the
CRBR fuel cycle.

The simplified fuel cycle proposed by DOE for CRBRP equilibrium operation is
represented in Figure D.1 and is considered by the staff as an example CRBR
fuel cycle. The average annual CRBRP fuel requirements for the plant operation
were developed from DOE CRBRP data bases (e.g., PSAR, ER, etc.) for the NRC
staff by ORNL (NRC 1982a). The ORIGEN2 Program (Croff 1980) was used to pro-
duce this data output. The loading of the CRBRP includes segmented fuel assem-
blies containing active centers with mixed oxides of uranium and plutonium in
the core portion and upper and lower axial blanket segments containing depleted
uranium dioxide. Depleted uranium dioxide would also be used in the radial
blanket fuel assemblies. The depleted uranium comes from the DOE operated
gaseous diffusion plants. This uranium, containing a nominal 99.8% of U-238,
will absorb neutrons and ultimately form Pu-239. The net production of pluto-
nium in the reactor js expected to be positive (i.e., more plutonium is produced
than undergoes fission).

According to information provided by DOE in its PSAR and ER, as summarized in
this EIS, the composition of the initial loading of the CRBRP is described in
Table D.1.

Table D.1 CRBR initial loading

Quantity in initial loading (MT)

Component Uranium  Plutonium

Core Assemblies (156)!

Active Middle Sections 3.48 1.71
Axial Blanket 4. 22

Radial and Inner Blanket
Assemblies (208) 21.0

TOTAL 28.7 1.71

1The core éssemb]ies consist of three segments: the active
middle sections and upper and lower axial blankets
sections.
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The 208 radial and inner blanket assemblies will surround and be intermixed
with the 156 core fuel assemblies as shown in Figure A3.4 in this FES. 1In
equilibrium operations, on the average, as shown in Figure D.1, 81 core fuel
assemblies and 69.2 blanket assemblies would be replaced annually.

The initial feed materials would consist of plutonium (obtained from DOE stock-
piles) and depleted uranium (which is a by-product from the enrichment of the
uranium-235 content of natural uranium). The plutonium would be converted to
plutonium dioxide at a reprocessing plant while the uranium as the hexafluoride
would be converted to uranium dioxide at a commercial fuel fabrication plant.
Subsequently, at a mixed-oxide fuel fabrication plant, plutonium dioxide and
uranium dioxide would be blended and fabricated into mixed-oxide fuel for the
active middle segments of the core fuel assemblies. Uranium dioxide would be
fabricated into pellets for the upper and lower axial blanket portion of the
core fuel assemblies, and for radial and inner blanket assemblies of the reactor.

After exposure to neutron fluxes in the reactor, the irradiated core fuel assem-
blies and blanket assemblies would be stored at the reactor for a specified time.
During this period the shorter-lived fission products would decay and reduce

the assemblies' decay-heat generation rates. Subsequently, the irradiated core
and blanket assemblies would be shipped in shielded casks to a reprocessing
plant where the ptutonium and uranium would be separated from each other and
from fission products and other actinides using chemical processes. The high~
level liquid waste stream containing the separated fission products and other
transuranic elements would be solidified in an acceptable form and shipped to

a Federal waste-storage facility. 1In the recycle mode of operations the plu-
tonium would be shipped to the mixed~oxide fuel fabrication plant for recycle

as fuel. The recovered uranium would either be stored for later disposition or
recycled into the mixed oxide or blanket fuel assemblies. Depleted uranium

from enrichment facilities would be used as necessary to make up for the uranium
that would be converted to plutonium in the reactor or lost as scrap or waste

in the fuel cycle process steps.

A conservative analysis of the predicted environmental impact from the DOE-
provided fuel cycle associated with the CRBRP and the transport of radioactive
materials between the supporting facilities is presented in this appendix.

This analysis is based on the quantities of materials projected by DOE to be
required in its simplified fuel cycle to maintain the CRBRP operation and is
summarized in Figure D.1. The physical characteristics and detailed description
of the reactor fuel assemblies and fuel regions developed from DOE information
are shown in Tables D.2 and D.3. The quantities and characteristics of mate-
rials and the material shipments for the CRBRP fuel cycle might be somewhat
different during various phases of CRBRP operations. However, quantities of
radionuclides and irradiation (i.e., burnup) of assembiies and their radioac-
tivity level would be essentially similar to the levels assessed by DOE for the
mode of CRBRP operation in the ER and to the levels used by the staff for its
detailed assessments. Therefore, the staff has based its detailed evaluation
on the simplified fuel cycle and the mode of CRBRP operation as provided by
DOE, with burnups shown in Table D.3 and as calculated in NRC 1982a.
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Table D.2 Physical characteristics of CRBRP fuel assemblies*

Core & Inner & radial
axial blanket blankets
Assembly component lengths, cm
Upper end hardware 30.4 30.4
Gas plenum 124.5 124.5
Upper axial blanket 35.6
Core or radial blanket 91.4 162.6
Lower axial blanket 35.6
Lower end hardware 109.2 109.2
Overall total 426.7 426.7
Fuel element total 290.6 291.5
Assembly shape hexagonal hexagonal
Assembly flats, cm 11.62 11.62
Fuel element arrangement triangular triangular
Fuel elements per assembly 217.0 61.0
Fuel element 0D, cm 0.584 1.285
Fuel pellet 0D, cm
Core 0.491
Axial blanket 0.483
Inner and radial blanket 1.194
Fuel pellet density,
% of theoretical
Core 91.3
Axial blanket 96.0
Inner and radial blanket 95.6
Fuel element pitch, cm 0.731 .378
Cladding thickness, cm 0.038 .038
Channel thickness, cm 0.305 .305
Channel height, cm 314.0 314.0
Circumscribed volume/assembly, cm 0.0607 0.0607
Heavy metal/assembly, kg 60. 35 100.85
Heavy metal oxide/assembly, kg** 68.45 114. 39
Stainless steel/assembly, kg 135.5 122.6
Assembly total weight, kg 204.0 237.0

* NRC 1982a.

** (Pu,U) dioxide in the core with uranium oxide in the axial
blanket and in the inner and radial blankets.



Table D.3 Summary characteristics for CRBR (a)

Fuel Region(s) (b)

Parameter Fuel AB Fuel + AB 1B RB (c) Fuel + AB + 1B + RB
Electric power, MW(e) net 267.4 6.1 273.5 46.9 29.6 350.0
Thermal power, MW(t) 745.0 17.0 762.0 130.5 82.5 975.0
Average specific power, (d) 140.9 3.95 79.4 16.4 6.49 32.21
MW(t)/MTIHM (e)

Average fuel burnup, 76,031 2,133 42,870 8,693 7,977 22,600
MWd/MTIHM ,

Effective irradiation duration, 540 540 540 530 1,229
full-power days ,

Refueling cycle length, full- 275 275 275 275 275 . 275
power days

Average number of assemblies 81 81 81 4] 28.2

charged per cycle
Average charge,
kg/refueling cycle (f)

U-235 3.6 . 4.4 8.0 8.3 5.7 22.0

Total uranium 1,805.5 2,193.5 3,999.0 4,134.9 2,843.9 10,978

Fissile plutonium (g) 783.0 0 783.0 0 0 783.0
7 Total plutonium 889.4 0 889.4 0 0 889.4
bt Total (U + Pu) 2,694.9 2,193.5 4,888.4 4,134.9 2,843.9 11,867

Average discharge,
kg/refueling cycle (f)

U-235 2.6 3.6 6.2 5.9 4.0 16.1

Total uranium 1,715.8 2,149.0 3,864.8 3,960.2 2,726.9 10,552

Fissile plutonium (g) 627.2 38.5 665.7 131.6 89.1 886.4

Total plutonium 766.7 39.6 806.3 138.3 94.9 1,039.5

Total (U + Pu) 2,482.5 2,188.6 4,671.1 4,098.5 2,821.8 11,591

(a) NRC 1982a.

(b) Fuel = 36 inch (Pu,U) dioxide region, AB = uranium dioxide axial blankets associated with fuel, IB = entire
inner blanket, RB = entire radial blanket.

(c) Weighted average of inner radial blanket (4 cycle residence) and outer radial blanket (5 cycle residence).

(d) Based on rated power level.

(e) MW(t)/MTIHM - Megawatt thermal per Metric Ton Initial Heavy Metal.

(f) Averaged over 4 cycles.

(g) Pu-239 + Pu-241 + Np-239.



In order to address options in fuel cycle operations that have the potential
to affect radiological impacts, the staff has performed a qualitative
sensitivity analysis of the simplified fuel cycle provided by DOE for CRBRP
operations (see Section D.2.4.7).

D.2 ENVIRONMENTAL CONSIDERATIONS

The following sections evaluate the environmental effects from the overall CRBR
fuel cycle, including releases from each processing step (Section D.2.1), waste
management (Section D.2.2), and the transportation steps (Section D.2.3). A
summary of effects of these operations is presented in Table D.4.

D.2.1 Fuel Cycle Impacts

The fuel cycle operations, as shown in Figure D.1, would include (1) fuel fabrica-
tion operations at two different facilities, a commercial fuel fabrication plant
(for blanket assemblies and for producing the uranium dioxide for core assemblies)
and a government-owned mixed oxide facility (for core fuel assemblies); (2)
reprocessing operations at a government-owned reprocessing facility (there are
currently no commercial reprocessing plants available in the United States for
processing CRBRP spent fuels, and the staff is unable to project when or whether
such facilities would be available for handling the spent fuels in the time
frame of interest for the CRBRP); and (3) conversion of recovered plutonium and
possibly uranium from nitrate solutions to fuel-grade plutonium dioxide and
uranium dioxide, also at a government-owned reprocessing facility.

There are no requirements for the front end uranium steps of mining, milling,
conversion, and enrichment to be charged to the CRBR fuel cycle, since these
operations have already been incurred as a result of other fuel cycles, i.e.,
defense programs and/or commercial fuel cycles such as those supporting LWRs.
Accordingly there are no environmental effects from such operations attributable
to the CRBR fuel cycle. '

D.2.1.1 Blanket Fuel Assemblies

Depleted uranium dioxide for both blanket and core fuel assemblies would be
obtained by converting uranium hexafluoride from the enrichment tailing stock-
piles associated with DOE gaseous diffusion enrichment plants.

DOE proposes that the fabrication of blanket fuel assemblies, which would
include the conversion of depleted uranium hexafluoride to uranium dioxide for
both blanket and core fuels, would be carried out in existing commercial
facilities. The specific facility for the conversion has not yet been selected.
However, environmental considerations for this portion of the CRBR fuel cycle
can be projected from similar operations for the LWR uranium fuel cycle. There-
fore, most of these in Table D.4 were obtained by multiplying the impacts of the
model fuel fabrication plant as reported in Column E, Table S-3A of WASH-1248
(AEC 1974b) by a factor of about one-third. This factor is the ratio of 11.1
MTU, annual fuel requirement for CRBRP, to 35 MTU, model annual fuel requirement
for an LWR. In addition, this approach overestimates the release of U-235 (and,
hence, the consequence radiological impact), since the releases for these
nuclides reported in WASH-1248 are based on the processing of low enriched
uranium for LWRs, while depleted uranium is used for the CRBRP.
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Table D.4 Summary of environmental considerations for the CRBRP fuel cycle annual requirements

Fuel Fabrication

Uranium Dioxide Mixed Oxide Waste
(Blanket) (Core Fuel) Reprocessing Management(a) Transportation Total

Natural Resource Use

Land (ha)"

Temporarily committed 0.02 - 36 0.08 . - 36
Undisturbed area 0.02 - 32 - - 32
Disturbed area 0.004 - 4 0.08 - 4

Permanently committed - = - 0.05 - 0.05

Total land 0.02 - 36 0.13 - (b) 36

Water (millions of gal)

Discharge to air - - 9.6 - 9.6
Discharged to water
bodies 1.6 0.3 5.

Total water 1.6 0.3 14.7 0.2 (¢) - 17

ju
[}

~

o

Fossil Fuel

Elect. energy (MJ) 1.9E+6 3.2E+7 4.1E+7 3.1E+6 - 7.8E+7
Equivalent coal (MT) 2.0E+2 3.6E+3 8.0E+3 4, 7€E+2 (d) 1.2E+4

Effluents-Chemicals (MT)

Atmospheric (e)

Sulfur Oxides 130. 280. 21 (f)
Nitrogen Oxides . 35. 80. 12 15.
Hydrocarbons .02 0.4 0.8 0.7

7
2
0
Carbon Monoxide 0.05 0.9 2. 23
2
0
6

QO WM
[S 0 I-
w
»

Particulates . 35. 80. 4.9
Fluoride .006 (g) - - - - 0.006
Ammonia .7 (9) - - - - 6.7

Liquid
Nitrate

Ammonia
Fluoride

=W~
W N W

1

]

]

t
=W~
w N W

Solids

Calcium fluoride 11. (h) - - - - 11.00

Water treatment
sludge - - 800. - 800.
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Table D.4 (Continued)

Fuel Fabrication

Uranium Dioxide Mixed Oxide Waste
(Blanket) (Core Fuel) Reprocessing Management(a) Transportation Total

Effluents - Radiological (Ci)

Atmospheric

U-235 8E-7 7.0E-13 7.8E-11 - (b) - 8E-7
U-238 6E-5 5.4E-11 7.4E-9 - - 6E-5
Pu-236 - 4.5E-10 3.3e-9 - 3.8E-9
Pu-238 - 9.6E-7 8.5E-5 - . - 8.6E-5
Pu-239 - 5.9E-7 2.7E-5 - - 2.8E-5
Pu-240 - 4.9E-7 2.2E-5 - - 2.2E-5
Pu-241 - 6.7E-5 2.6E-3 - - 2.7E-3
Pu-242 - 6.7E-10 4.7E-8 - - 4.8E-8
Am-241 - 7.9E-8 2.1E-5 - - 2.1E-5
H-3 - - 5.9E+3 - - 5.9E+3
c-14 - - 1.4E+1 - - 1.4E+1
Kr-85 - - 5.1E+3 - - 5.1E+3
1-129 - - 3.7E-4 - - 3.7E-4
I1-131 - - 3.9E-2 - - 3.9E-2
Ru-103 - - 2.9E-2 - - 2.9E-2
Ru-106 - - 1.2E-1 - - 1.2E-1
Cs-134 - - 7.6E-5 - - 7.6E-5
Cs-137 - - 1.7E-4 - - 1.7E-4
Particulate FP - - 6.5E-3 - - 6.5E-3
Radon and decay - - - 0.5 - 0.5
products

Liquid
U-235 8E-5 - - - (b) - 8E-5
U-238 6E-3 - - - - 6E-3

Thermal (MJ) 3.2E+6 1.0E+8 2.2E+8 2.8E+5 2.1E+5 (i) 3.2E+8

(a) Upper value of range which depends upon geology chosen See Table D.13. Lifetime impacts prorated
to annual requirements.

(b) - means not reported, or the staff believes these values would negligible by comparison be to other releases
reported under waste management. For waste management this footnote applies to all radiological effluents
except radon and decay products. ”

(c) Water consumed in repository construction.

(d) 92,000 gallons of diesel fuel would be used in transport

(e) Based upon combustion of equivalent coal for power generation or of fuel for machinery.

(f) Chemical effluents from waste management operations include estimates of releases from operation of
machinery during construction of the repository (see Table D.11) and from the burning of equivalent
coal to produce the electrical energy.

(g) Based on NRC 1977b.

(h) Calcuim fluoride is isolated in settling ponds from liquid effluent.

(i) Based on heat load of major contributors (spent fuel, blanket and HLW).



D.2.1.2 Core Fuel Assemblies

There are currently no commercially operated facilities ‘producing fuel
assemblies containing mixed oxides (uranium dioxide-plutonium dioxide). DOE
proposes that the Secure Automated Fabrication (SAF) line to be built in the
Fuel and Materials Examination Facility (FMEF) on the Hanford Reservation would
be used for making mixed-oxide fuel materials and core fuel rods. The uranium
dioxide in powder form would be received from the commercial uranium dioxide
fuel fabrication plant that produces the blanket assemblies. The plutonium
dioxide in powder form would be received from DOE stockpiles or from plutonium
conversion facilities at a reprocessing plant. The uranium and pTutonium oxide
powders would be blended, formed, and sintered into mixed-oxide pellets for core
fuel in the SAF line. The axial blanket uranium dioxide pellets would be
included in the upper and lower segments of the core fuel rods in the SAF Tline.
After the core fuel rods are loaded, sealed, and externally decontaminated they
would be fabricated into core fuel assemblies in the Fuels Development Laboratory
(Building 308), located approximately 13 km from the FMEF.

DOE completed an environmental assessment of the FMEF (DOE 1980a), and it was
supplemented to include impacts resuiting from the addition of the SAF line
(DOE 1981b). Based on these assessments, DOE estimated resource requirements
and effluent releases relating to mixed-oxide core rod fabrication for the
CRBRP. In Amendment XIV of its Environmental Report, DOE included its analysis
in Table 5.7-1, which summarizes the environmental considerations for CRBR fuel
cycle. The staff considers these data acceptable for an environmental assess-
ment since, in its views, the quantities are overestimated, and therefore
conservative, because (1) DOE used data relating to the whole of FMEF, of which
SAF line requirements and releases are only a part, (2) comparisons with staff
assessments made for GESMO (NRC 1976a) show requirements and releases per ton
of mixed~oxide fuel substantially lower than those in Amendment XIV. The staff
also finds acceptable DOE's assessment of natural resources uses and thermal
releases for core fabrication as follows:

o land use is insignificant since the SAF line and Building 308 are on
existing government properties located in areas devoted to other
activities,

0 water use is 2.0E+5 gallons per year (750 gal per day at 72% overall
time efficiency),

) thermal releases are 1.0E+8 MJ/yr (9.5E+10 BTU/yr). : ;

For its assessment of radiological effluents the staff took a more real- e
istic approach to estimating radioactive releases from the SAF line by using
the throughput required in support of the CRBRP as follows.

The annual process throughput capability for the SAF 1line would be 4 MTPu.

The annual fuel requirement for the CRBRP (see Figure D.1) would be 0.883 MTPu.
The staff assumed a nominal plutonium composition of plutonium-240 content of
12 wt%, and aged approximately 2 years before fabrication into core assemblies.
During this period, plutonium-241 decays with a 14.7 year half-life to
americium-241. The composition of the plutonium assumed by DOE in its calcula-
tions was a nominal 20 wt¥% plutonium-240, unaged. The isotopic composition of
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the feed plutonium to the SAF line projected by NRC and DOE is listed in
i Table D.5.

Exhaust gases from the SAF line would pass through a series of three high-
: efficiency particulate absolute (HEPA) filters. HEPA filters are required to
i have an efficiency of at least 99.95% each (ERDA/RL 1976). Three HEPA filters
in series would therefore have a theoretical minimum overall efficiency of
removing all but 1.25E-10 of particulates reaching the filter bank. The DOE
y assessment conservatively used a cleanup factor of 1.25E-8 (two orders lower
| than theoretical), and the staff finds this to be an acceptably conservative
i approach.

The radionuclides projected to be released annually to the atmosphere from the
SAF Tine in support of the CRBRP fuel cycle are shown in Table D.6. The
releases projected by DOE for the total SAF line operation (DOE 1981b) have

: been adjusted downward by the staff from the full capacity of 4 MTPu/year to

i the 0.889 MTPu annual throughput required for CRBRP.

Table D.5 Isotopic composition of feed to

; SAF 1ine

B Assumed by Assumed by

! NRC staff, wt% DOE, wt%

i Radionuclide (NRC 1982a) (DOE 1980a)
Pu~-236 6.1E-7 8.0E-6
Pu-238 6.0E-2 5.0E-1
Pu-239 8.6E+1 7.2E+1

: Pu-240 1.2E+1 2.0E+1

4 Pu-241 1.7E+0 6.0E+0

i : Pu-242 2.0E-1 1.5E+0
Am-241 3.5E-1 (not reported)

Table D.6 Annual releases of plutonium from the SAF
line in support of the CRBRP

NRC staff DOE estimate

Radionuclide estimate (Ci/yr) (Ci/yr)*
Pu-236 9.3E-11 4.5E~-10

Pu-238 1.2E-7 9.6E-7

Pu-239 5.9E-7 4.9E-7

Pu-240 3.0E-7 4,9€-7

Pu-241 2.2E-5 6.7E-5

Pu-242 8.7E-11 6.7E-10
Am-241 7.9E-8 (not reported)

*Adjusted to 0.889 MTPu throughput.
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Based upon this analysis, the staff used the higher values from Table D.6 for
each isotope in its assessment (Table D.4).

Using essentially the same bases, DOE calculated that releases of uranium
isotopes from the SAF line processing 6 MTU/yr (maximum capacity) would be
1.1E-10 Ci/yr. The staff considers this quantity to be a conservative estimate
with regard to both quantity and radionuclides of concern since the DOE calcula-
tion is based on natural uranium. Depleted uranium to be used in the CRBRP
contains only 0.2 wt¥ uranium-235 (versus 0.72 wt% for natural uranium) and
essentially no uranium-234. Adjusting for these differences the staff estimates
annual uranium atmospheric releases as 7.0E-13 Ci of uranium-235 and 5.4E-11 Ci
of uranium-238.

DOE conservatively calculated doses from the SAF line by attributing all releases
from the FMEF to the CRBRP core fabrication. This calculation is conservative
(overestimated) in that only about 15 months SAF line operation in each 2-year
period would be devoted to CRBRP fuel fabrication. Thus, an average annual dose
attributable to uranium releases would be approximately 65% of that attributed

to the SAF line at full capacity, and the annual dose attributable to plutonium
releases would be roughly one-fourth of that attributed to the SAF line at full
capacity. '

Since the core fuel rods would be sealed, welded, tested, and externally decon-
taminated after fabrication at the SAF 1line and prior to shipment to the Fuels
Development Laboratory (Building 308), no releases are expected from Building
308 due to the assembly of CRBRP core assemblies.

°D.2.1.3 Fuel Reprocessing

Both core and blanket fuel assemblies would be removed from the CRBRP trans-
ported to the reprocessing plant and would be processed to separate uranium
and plutonium from each other and from the fission products formed in the fuel
during CRBRP operation. ‘Recovered uranium as a uranyl nitrate solution would
be calcined to uranium trioxide and stored for recycle or alternative future q
uses. Recovered plutonium nitrate solutions would be processed to produce
plutonium dioxide, most of which may be used to produce replacement core fuel E
rods at the SAF line in the FMEF. Any excess Pu would be stored for future )
use. :

N B S i e

D.2.1.3.1 Developmental Reprocessing Plant (DRP)

As a basis for evaluating the environmental impacts of the reprocessing step

of the CRBR fuel cycle, DOE used the proposed DRP which has been under develop-
ment since about 1977. This plant is still in the formative stages and is
represented by preliminary design.concepts (DOE 1981a).

According to the Conceptual Design Report (DOE, 198la), the facility would have
a capability of processing 150 MTHM/yr (0.5 MTHM/day). The reference site for
the facility would be near the proposed site of the CRBRP near Oak Ridge,
Tennessee. DOE states in Amendment XIV to its Environmental Report that re-
processing of LMFBR-type fuels would be supplemented by reprocessing of LWR
fuels in the DRP. Since, however, the major purpose of the DRP is the repro-
cessing of LMFBR fuels, of which the CRBR fuels are the only ones known to the
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| staff, for the purposes of this supplement the staff has allocated the total

land requirement for the DRP to the CRBR fuel cycle. Ninety acres (36 ha) are
included in the reference site. The staff assumes that approximately 10 acres

(4 ha) would be disturbed by the construction of facilities, roads, parking lots,
etc.

However, consumable utilities and services have been allocated on a basis

of plant throughput of fuels processed. For the purposes of this supplement
to the environmental report, the staff has charged about 8% (11.86 MTHM of
CRBRP spent fuels, compared to 150 MTHM/yr capacity of the DRP) of the consum-
able utility and services requirements to the CRBR fuel cycle.

Normal power supply to the DRP would be 20 MVA (equivalent to 5.2E+8 MJ per
300-day year at full power). Standby power supply of 8000 kW would be
provided. Emergency diesel oil storage would be 30,000 gallons, the quantity
required for seven days of uninterrupted operation. Process steam would be
provided by two coal-fired boilers, each sized to deliver 75,000 1b/hr of
saturated steam at 350 psig, and each consuming 3.5 tons/hr of coal. Normal
cooling water would be supplied by using two of three pumps, each rated at
14,500 gpm at 150-ft head, driven by 700-HP electric motors. Other require-
ments would include emergency cooling water, demineralized water, sanitary

- water, compressed air, and instrumentation. Non-contaminated waste water treat-

ment would be 202,000 gpd of cooling tower blowdown, 20,000 gpd of boiler blow-
down, 7000 gpd of laboratory drainage, and 10,000 gpd of regenerate/rinse
solutions. Treatment of this waste would produce 25,000 gpd of sludges (equi-
valent to roughly 10,000 MT of solids per year, assuming the fraction of solids
in the sludge is 0.25) to be disposed off site and 215,000 gpd (6.5E+7 gallons
per year for 300-day-per-year operation) for disposal in an effluent pond. The
staff assumes cooling tower evaporation would be twice the cooling tower b]ow-
down (1.2E+8 gallons per year).

On the bases indicated above, annual water use in support of reprocessing CRBR
spent fuel would be 5.1 million gallons of water discharged to water bodies and
9.6 million gallons discharged to air. Electrical energy use would be 4.1E+7 MJ.
Water treatment sludge produced from processing CRBR fuels would be about

800 MT/yr.

Independent data on the radionuclide content of CRBRP spent fuel were developed
by ORNL (NRC 1982a) using the ORIGEN2 code (Croff, 1980). Major assumptions

and parameters used by the staff in the development of data on radionuclide
content of spent fuel, and comments comparing those data with data used by DOE
as reported in Amendment XIV of its Environmental Report, follow:

0 Plutonium used in the core fuel was assumed by the staff to be nominally
12% Pu-240. The NRC staff understands that 12% Pu-240 is the likely can-
didate for CRBRP fuel. DOE, however, assumed 20% Pu-240 in the calcula-
tions reported in its Amendement XIV.

0 The plutonium was assumed by the staff to be aged a total of 4 years after
separation (2 years prior to core fuel fabrication and another 2 years
prior to charging to the CRBRP). Thus, americium-241 was present in the
new fuel as a decay product of plutonium-241.

D-13



) The uranium to be used with the plutonium in the core and in the blanket
fuels was assumed by the staff to be enrichment tails with 0,2% U-235.
DOE assumed natural uranium with 0.72% U-235 in its calculations.

As a result of the differing assuhptions on the nuclide distribution in the
fuels, the contents of spent fuel as calculated by ORNL differ somewhat from
the DOE calculations. The results are compared in Table D.7. Minor differences

Table D.7 Comparison of CRBRP spent fuel data*
contained radioactivity, Ci/yr

Nuclide NRC-ORIGEN2 DOE-Am. XIV, Table 5.7-3

H-3 5.9E+03 5.51E+03
C-14 8.3 1. 44E+01
Kr-85 5.1E+04 4.75E+04
Sr-90 3.2E+05 3.70E+05
I-129 3.7E-01 3.26E-01
I-131 3.9E+01 3.61E+01
Ru-103 1. 9E+06 1.84E+06
Ru-106 8.0E+06 7.09E+06
U-232 1.9E-01 3.11E-02
U-234 1.6E-01 8.12E-01
U-235 3.5E-02 3.92E-02
U-236 9.4E-02 7.91E-02
U-238 3.5 3.68
Pu-236 6.6 3.07
Pu-238 1.6E+04 1. 69E+05
Pu-239 5.4E+04 4.27E+04
Pu-240 3.4E+04 4.40E+04
Pu-241  1.7E+06 5.10E+06
Pu-242 1.0E+01 9.40E+01
Cs-134 3.8E+05 2.80E+05
Cs-137 8.3E+05 7.99E+05
Th-228 1.2E-01 5.98E-03
Th-231 3.5E-02 3.92E-02
Th-234 3.5 3.68
Am-241 1. 2E+04 1.03E+05
Np-237 8.7E-01 1.04

i Pa-234 3.5 3.68

i Cm-242 3.7E+05 2.71E+06

! Cm-244 7.0E+02 3.58E+03

*150 days after reactor discharge.
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are noted in the fission product distributions. Somewhat more significant
differences are noted in some of the actinide components, principally because
of the different isotopic composition of plutonium and of the growth of
americium-241. However on the basis of radioactivity, thermal power and
ingestion toxicity, CRBR spent fuel is very much like PWR spent fuel from
discharge to about 100 years after discharge and increases by about one order
of magnitude in these properties after that time (NRC 1982a).

Assumptions used by ORNL (NRC 1982a) in calculating the radionuclide content
of high-level waste (HLW) obtained as a result of reprocessing the spent fuel
include:

0 0.5% of the uranium and plutonium are not recovered by reprocessing and
are lost to the HLW.

0 0.05% of non-volatile fuel material is retained with the cladding.

0 0.69% of the fuel assembly structural material is assumed to dissolve and
go to the HLW.

o 0.1% of the halogen elements and none of the noble gases, tritium, and
carbon-14 is assumed to be in the HLW.

These assumptions are consistent with those used by DOE in the development of
HLW data reported in Amendment XIV of its Environmental Report.

Atmospheric releases from the DRP have been projected by the staff, using data
from the ORIGEN2 codes (NRC 1982a) and the confinement factors for all radio-
nuclides proposed by DOE, except for ruthenium isotopes. For the ruthenium
isotopes, the staff chose the more conservative release factors reported by
DOE in its technical support document for the management of commercial radio-
active wastes (DOE 1979). The results of these estimates are summarized in
Table D.8 and included in Table D.4 as Column 4. The staff believes that

the estimated releases reported in the last column of Table D.8 will be
achievable by any of the potential alternatives for the DRP that are discussed
below. This view is consistent with that expressed by DOE in Amendment XIV.

The DRP or the model FRP would convert liquid HLW to solids such as borosilicate
glass. The solid HLW would be sealed in canisters and shipped to either storage
or disposal.

D.2.1.3.2 Alternative Reprocessing Plants

DOE is considering alternatives to the DRP for reprocessing of the fuel. One
alternative would be the licensed operation of such a facility by private
industry which would have to meet NRC requirements. Other alternatives being
considered are (1) the modification of existing DOE reprocessing facilities at
Hanford or Savannah River and (2) construction of new DOE facilities. In any
instance, offsite environmental impacts ascribed to atmospheric releases from
these alterpatives are considered by the staff to be enveloped by the impacts
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Table D.8 Source term selection for dose calculation reprocessing
releases from CRBR fuel cycle

Source Term (Ci/yr)

Nuclide NRC-ORIGEN2 Basis{a) DOE-Amend. XIV  NRC-Selected(b) (c)
H-3 5.9E+03 5.5E+03 5.9E+03
c-14 8.3 1.4E+01 1.4E+01
Kr-85 5.1E+03 4,8E+03 5.1E+03
Sr-89 2.0E-04 -- 2.0E-04
Sr-90 6.3E-05 7.4E-05 7.4E-05
Y-90 6. 3E-05 - 7.4E-05
Y-91 3.6E-04 -- 3.6E-04
Zr-95 7.6E-04 -~ 7.6E-04
Nb-95 1.4E-03 -~ 1.4E-03
Ru-103 2.9E-02 1.8E-03 2.9E-02
Rh~103m 2.6E-02 -~ 2.6E-02
Ru-106 1.2€-01 7.1E-03 1.2E-01
Rh-106 1.2E-01 -- 1.2€-01
Sb~125 4.9E-05 - 4.9E-05
Te-125m 1.2E-05 -- 1.2E-05
Te-127 2.4E-05 -- 2.4E-05
Te-127m 2.4E-05 -- 2.4E-05
1-129 3.7E-04 3.3€-04 3.7E-04
1-131 3.9E-02 3.6E-02 3.9E-02
Cs-134 7.6E-05 5.6E-05 7.6E-05
Cs-137 1.7€-04 1.6E-04 1.7E-04
- Ba-137m 1.6E-04 -- 1.6E-04
Ce-141 1.8E-04 - 1.8E-04
Ce-144 1.5E-03 - 1.5E-03
Pr-144 1.5E-03 -~ 1.5€-03
Pr-144m 1.8E-05 -- 1.8E-05
Pm-147 4.1E-04 -- 4.1E-04
Pm-148m 1.9E-05 -~ 1.9E-05
Sm-151 6.4E-06 -- 6.4E-06
Eu-154 5.2E-06 - .- 5. 2E-06
Eu-155 2.5E~05 -- 2.5E-05
U-232 3.9E-10 6. 2E-11 3.9E-10
U-234 3.1E-10 1. 6E-09 1.6E-09
: u-235 7.0E-11 7.86-11 7.8E-11
| U-236 1.9E-10 1.6E-10 1.9E-10
U-237 8.4E-08 -- 8.4E-08
U-238 7.1E-09 : 7.4E-09 7.4E-09
Pu-236 3.3E-09 1.5E-09 3.3E-09
Pu-238 8.1E-06 8. 5E-05 8.5E-05
Pu-239 2.7E-05 2.1E-05 2.7E-05
! Pu-240 1.7E-05 2.2E-05 2.2E-05
: Pu-241 8.5E-04 2.6E-03 2.6E-03
L Pu-242 5.2E-09 4.7E-08 4.7E-08
i Am-241 2.5E-06 2.1E-05 2.1E-05
Am-242m 2.3E-07 -~ 2.3€-07
Cm-242 7.5E-05 5.4E-04 5.4E-04
Cm-243 3.3E-08 -~ 3.3E-08
Cm-244 1.4E-07 7. 2E-07 7.2E-07
Np-237 1.7E-10 2.1E-10 2.1E-10
I Pa-234 7.0E-10 7.4E-10 7.4E-10
fiK Th-228 2.46-11 1.2€-12 2.4E-11
e Th-231 7.0E-12 7.8E-12 7.8E-12
; Th-234 7.0E-10 7.4E-10 7.4E-10

(a) These calculated source terms use the ORIGEN2, Basis (NRC 1982a) for
isotope composition in spent fuel. Amendment- XIV (DOE 1982) confine-
ment factors were used except for ruthenium (and their daughters) for
which the release factor of the Data Sheet No. 25b of DOE/ET-0028
(DOE 1979) was used since these release factors appear to be more

'| realistic for the near term and were more conservative, i.e., larger.

il (b) The highest source term from the two approaches was chosen. The

il ORIGEN2 data were used where there were none reported in Amendment XIV.

This approach is the most conservative in that it gives the highest

releases, thereby bounding the expected routine releases.

Some isotopic values based on radiological equilibrium values.
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estimated for the DRP. 1In Amendment XIV DOE provides the philosophy upon which
the DRP design is based. The staff understands that these design parameters
would be applied to any of these DOE alternatives in the event that one is
selected instead of the DRP for reprocessing CRBRP fuel.

The staff notes that neither the DRP nor the model reprocessing plants assumed
by DOE for reprocessing would release any liquid radioactive wastes to the
environment. If the alternative of using existing DOE facilities were selected,
both the Hanford and Savannah River plants release very low levels of radio-
activity in liquids to the environs (ERDA 1975b; ERDA 1977). The impacts of
all releases from these plants, including atmospheric releases and liquid
releases, have been very small as indicated in the referenced documents.
Accordingly, and since the radionuclide throughput of CRBRP fuels would be not
more than approximately 25%* of the throughput for processing other fuels,

the impact of liquid low-level releases would be a fraction of these small
releases.

B R i A R e T S R 0
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Neither the Hanford nor the Savannah River reprocessing plants presently have
the capability of solidifying acidic HLW. Liquid HLW is neutralized to high
pH and stored in underground steel tanks. Plans for final processing and
disposal of these wastes at Savannah River include conversion of the sludges
containing fission products and actinides to an immobile solid form in canisters
for disposal in a Federal repository. After the radioactive cesium is removed,
the supernate containing salts would be disposed of as low-level waste (LLW).
The radioactive cesium might be used as radiation source or would be combined
with the sludge containing the rest of the fission products and actinides.
Disposal of HLW at the Hanford facility could be similar, although other alter-
natives are being considered. In either case the volume of HLW added to the
existing and projected waste systems from the processing of CRBRP spent fuel
would be small. Thus the environmental effects of CRBR HLW processing and
handling at Hanford or Savannah River Plant are not judged to be significantly
different from that for the DRP alternative.

AR 0 i B R R T T AP P RS R S T G S R
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D.2.2 Waste Management Impacts

Sources of waste streams and impacts associated with storage and disposal of
radioactive wastes produced by the CRBR fuel cycle are addressed and summarized
in this section.

D.2.2.1 Waste Stream Sources

Radioactive wastes produced as a result of the CRBR fuel cycle would include
those from the blanket fuel fabrication plant, the core fuel fabrication
facility, the reactor plant, and the fuel reprocessing plant. Estimated waste
quantities produced by the CRBR fuel cycle are presented in Table D.9. The
cumulative waste quantities are based on a 30-year operating life of the
proposed CRBRP and assume material flows as outlined in Figure D.1.

*Based, for example, on the annual discharge rate from N reactor through
the Purex Plant at Hanford (assumed by the staff to be about 500 MTU/yr
irradiated to approximately 2000 MWd/MTU), compared to the discharge rate
and irradiation level of the CRBRP fuels.
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Table D.9 Radioactive wastes from the CRBR fuel cycle (a)

Activity
Avg. Ann. Vol. Cum. Vol. Cumulative Concentration
Facility Waste Type Waste Form Waste Container (Cubic Meters) (Cubic Meters) Containers (Ci/m3)
Blanket Fuel LW (U) Calcium Bulk 5.5 (b) 170 (b) NA (c) 2E-2
fabrication plant fluoride
Core fuel TRU (U, Pu, TRU) Solid, 55-gallon drums 130 (d) 3900 (d) 4350 6.4E+1
fabrication plant compacted
CRBRP plant LLW Solid, 55-gallon drums 67 2000 9630 < 1E+2
concrete
Evaporator bottoms, Solid, 55-gallon drums 0.4 12 60 < 1E+2
derived from metallic concrete
sodium treatment
Solids containing Solid, 55-gallon drums 21 630 2940 < 1E+2
sodium compounds Concrete :
Fuel reprocessing LLW (FP, AP) (f) Concrete 55~-gallon drums 25 750 3600 1E+1
plant TRU (FP, TRU) (f) Concrete 55-gallon drums 10 300 1500 1E+3 - 1E+6
Metal scrap (TRU) Metal 10" Dx10' H canisters 14 420 3060 4E+5
HLW (FP, AP, TRU) (f) Glass 12" Dx10' H canisters 3.3 (e) 100 (e) 180 1.5E+7
Kr-85 Metal 9" Dx65" H canisters 0.01 0.3 1-2 3.4E+6
1-129 (barium jodate) Concrete 55-gallon drums 0.01 0.3 1-2 1.4E+2

(a) Based on ER Amendment XIV (DOE 1982).

(b) Assuming a bulk, settled density of about 2 g/cubic centimeter for calcium fluoride.

(c) Not applicable.

(d) This 130 cubic meters could be reduced to 30 cubic meters by compaction, for a cumulative volume of 900 cubic meters.

(e) Includes volume of overpack.

(f) FP - fission products; AP-activation products.

h

Volume of glass is 1.1 cubic meters annually for a cumulative volume of 33 cubic meters of glass.




D.2.2.1.1 Blanket Fuel Fabrication Plant

Conversion of depleted UFg to U0, for the CRBRP blanket is planned to be
performed at the blanket fuel fabrication facility. During UFg conversion,
calcium fluoride (CaF,) would be formed at a rate of 11 MT (5.5 cubic meters)
per year (1 MT CaF,/MTU). This low level waste, containing about 0.01 micro-
curies per gram of uranium would be disposed of at the blanket fuel fabrication
facility in bulk form.

D.2.2.1.2 Core Fuel Fabrication Facility

Core fuel for the CRBRP is expected to be produced in the SAF line which is
proposed as part of the FMEF. Approximately 65% of the SAF Tine capacity would
be required annually to fabricate CRBRP core fuel. This would result in roughly
130 m® of TRU waste (64 Ci/m3) being generated annually from production of CRBRP
fuel. These wastes would be compacted, packed in approximately 145 55~gallon
drums and stored in a retrievable mode for a maximum of 20 years at the Hanford
Reservation. These TRU wastes would be less than 3% of the TRU waste already

at the Hanford facility and should have an insignificant incremental environ-
mental impact. Eventually DOE anticipates disposing of these TRU wastes in a
Federal repository.

D.2.2.1.3 Clinch River Breeder Reactor Plant

The CRBRP would generate LLW, metallic sodium, and sodium bearing solids in

the course of producing electrical energy. LLW would be generated at a rate

of 67 m3 per year, sodium bearing solids at 21 m® per year, and metallic sodium
at 0.4 m® per year. This would result in the generation of approximately 425
55-gallon drums annually at the CRBRP, of which about 321 would contain LLW,
about 100 would contain treated sodium bearing solids, and the rest would con-
tain unreactive sodium compounds converted from two drums of metallic sodium.
The LLW containing < 100 Ci/m3 fission and activation products would be packed
in 55-gallon drums and disposed of at a commercial burial site. Metallic sodium
waste and sodium-bearing solids would be stored on site until they can be
treated to convert sodium to unreactive forms such as oxide or nitrate. It is
assumed that the unreactive forms would be solidified and/or packaged for shipment
to and disposal in a commercial shallow-land burial site. The metallic sodium
be would converted to aqueous nitrate and concentrated by evaporation. The
evaporator bottoms will be solidified and shipped to a commercial shallow-land
burial site.

I

D.2.2.1.4. Fuel Reprocessing Plant

. Several types of wastes would be generated by the fuel reprocessing plant which
supports the CRBR fuel cycle. LLW, containing short-lived fission and activa-
tion products at a total activity level of approximately 10 Ci/m® will be

g generated at a rate of 25 m3 annually. This waste would be fixed in concrete

and packaged in 120 55-gallon drums for disposal in a commercial shallow-land

burial ground.

Approximately 10 m3 of transuranic wastes would be produced per year. These
wastes containing fission products and TRU would range from 102 Ci/m® to
106Ci/m® in total activity. These wastes would be fixed in concrete, packaged
in 50 55-gallon drums and eventually disposed of in a Federal repository.
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Approximately 14 m3 of metal scrap having a total activity of about 4 x 10°
Ci/m3 would be generated each year. The metal scrap from disassembly of fuel,
blanket, and shield assemblies and control rods would be partially compacted
and packaged in 25.4-cm (10-in.) diameter by 3.1-m (10-ft) high canisters. One
hundred and two canisters would be used annually. Final disposal would be in
a Federal repository.

Approximately 1 m3 of solidified HLW (3.3 m3 with overpacks) containing 1.5 x 107
Ci/m3 of fission products and traces of fuel would be produced per year. The

HLW would be fixed in a low leach rate matrix and packaged in six 30.5-cm (12 in.)
diameter 3.1-m (10 ft) high canisters and eventually transported to a Federal
repository for disposal.

Some Kr-85 would be captured during reprocessing and, using a sputtering process,
the Kr-85 would be implanted in a metal matrix. This material, with a specific
activity of 3.4 x 10® Ci/m3, would be loaded into a 22.9 cm (9-in)-diameter by
165-cm (65-in.) high canister. One of these canisters would be required for
every 28 years of CRBRP operation. These canisters are assumed to be disposed
of in shallow dry wells at a Federal repository.

Iodine-129, as barium iodate (specific activity of 1.4 x 102 Ci/m3), would be
fixed in concrete and placed in 55-gallon drums. Roughly one drum would be
generated during 20 years of CRBRP operation. This material is assumed to be
shipped eventually to a Federal repository for disposal.

D.2.2.2 Storage Impacts

Transuranic waste would be stored for a period of time prior to disposal.
Approximately 6000 55-gallon drums and 3000 canisters of metal scrap would be
generated as a result of the 30-year CRBR fuel cycle operation. It is assumed
that the drums would be stored retrievably in trenches and stacked 12 deep by
12 across and 4 high (Rockwell 1982). Using the Rockwell configuration for

the drums, and assuming an equivalent requirement for the canisters, the total
land area required for TRU waste storage is estimated at 0.4 ha (1 acre). This
land is considered temporarily committed since, after the 20 years of storage,
the waste could be transferrred to a Federal repository and the storage site
could be decommissioned and made available for other purposes.

D.2.2.3 Burial Ground Impacts

LLW from both the fuel reprocessing plant and the CRBRP would be disposed of

at a commercial ground. It is assumed that eventually the reactive sodium
components would be converted to an unreactive form, and that these wastes
would also be disposed by burial. Three types of impacts were identified at

the burial site: commitment of land, consumption of fuel, and long-term radio-
logical population exposure.

Over the 30-year period for the CRBR fuel cycle, approximately 17,000 55-gallon
drums (3500 m3®) would require burial. As perspective, a typical disposal trench
(NRC 198la) has a capacity of 17,000 m3. Thus, for its lifetime the CRBRP would
require about one fifth of a typical LLW disposal trench. Currently, 2 million m3
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of space is estimated to be available in existing LLW disposal sites (EG&G
1980). Thus, the LLW from the CRBRP fuel cycle, which is similar to other
commercial LLW, represents 0.2% of the current LLW disposal capacity.

Based on the reference burial ground (NRC 198la), it is estimated that 0.1 ha
(0.25 acres) of trench area will be necessary to dispose of CRBRP low-Tlevel
wastes. If support areas at the burial ground are also allocated to the CRBR
fuel cycle based on the ratio of CRBRP wastes to the burial ground capacity,
then an additional 0.1 ha (0.25 acres) will be considered committed. The total
burial ground area committed as a result of the disposal of LLW wastes from
the CRBR fuel cycle will then be approximately 0.2 ha (0.5 acres). This land
is considered permanently committed.

Fuel consumption requirements were developed based on parameters in NRC 198la.
Estimates of fuel use were made for burial ground construction, waste loading,
and post-operational monitoring. The fuel requirements for the reference burial
ground (described in NRC 198la) were prorated to that portion of the site which
would be occupied by CRBRP LLW wastes. The fuel requirement for the 1ife of the
CRBRP is estimated at approximately 10 m3 (2700 gallons).

Long-term radiological exposures from radioactive waste disposal are discussed
in Section D.2.4.4.

D.2.2.4 Repository Impacts

It is assumed that TRU waste from the core fuel fabrication plant and all non-
LLW from the fuel reprocessing plant would be disposed of in a Federal reposi-
tory. Impacts from a repository can be grouped into three general areas:
radiological releases, "non-radiological effluents, and resource requirements.

Radiological releases in the near term are associated with construction of the
repository and consist of increased releases of naturally occurring radon and
its decay products at the construction site. For the Tonger term, DOE states
that the Federal repository is to be designed such that there will be reasonable
assurance that wastes will be isolated from the accessible environment for a
period of at least 10,000 years with no prediction of significant decreases in
isolation beyond that time (DOE 1980c).

DOE has projected Federal repository characteristics for the disposal of LWR
fuel and/or high level wastes for four geologic media (DOE 1980b). This infor-
mation is used in some portions of the following NRC review. A qualitative
comparison between LWR HLW and CRBR HLW to be disposed of in a repository (DOE
1979) results in the following findings:

The expected generation rate per GWe-yr of HLW for LWRs (DOE 1979) is
approximately equivalent to that predicted for the CRBR fuel cycle on a
volumetric basis.

The isotopic composition of CRBR HLW (NRC 1982a) is similar to that of
LWR HLW (DOE 1980b), as shown in Table D.10. While some of the plutonium
isotopes from the CRBR fuel cycle have a higher activity level, these
constitute a small fraction of the entire HLW inventory.
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Table D.10 Comparison of high-level
waste from CRBRP with
high-Tevel waste from LWRs

Curies/MTHM

Radionuclide CRBR LWR*
H-3 0 4 2E+2
Sr-90 2.6E+4 6.1E+4
Ru-103 2.6E+2 7.4E+1
Ru-106 3.4E+5 1.9E+5
Cs-134 2.3E+4 1.2E+5
Cs-137 1.3E+4 9.3E+4
Ce-144 2.6E+5 2.4E+5
U-234 6.6E-5 1.7E-3
- U-236 4.0E-3 1.3E-3
Np-237 7.3E-2 4.0E-1
Pu-238 1.3E+2 2.8E+1

Pu-239 2.3E+1 1.8

Pu-240 1.4E+1 3.7
Pu-241 6. 8E+2 8.7E+2
Pu-242 4 3E-3 2.0E-2
Am-241 1.0E+3 7.1E+2
Cm-242 6.8E+3 9.9E+3
Cm-244 5.7E+1 7.2E+3
Total 1.6E+6 1.4E+6

XFrom Reference DOE 1980b, Tables
3.3.9 and 3.3.14, at about 1.5 years
after reactor discharge.

. The radioactivity, thermal power and ingestion toxicity for CRBR HLW and
PWR HLW are essentially similar for their entire decay lifetimes (NRC 1982a).

The staff concludes from this comparison that the LWR assessment (DOE 1980b)
provides a qualitative measure of the impact of CRBR HLW in a Federal repository.
This conclusion is consistent with that reported by DOE in ER Amendment XIV.

The total repository disposal requirements of the CRBR fuel cycle over its
projected Tifetime (approximately 30 years) include approximately 100 m3

of HLW in overpacked containers and 4600 m® of TRU waste (including metal
scrap from the fuel reprocessing plant). Impacts from the disposal of CRBR
wastes were estimated by prorating the disposal impacts outlined in DOE
(1980b) to that portion of the reference repositories in candidate geologic
media (salt, granite, shale, or basalt) which would be allocated to CRBR waste.
On the basis of the equivalent area required to dispose of the canisters sent
to a repository from the CRBR fuel cycle 6000 55-galion drums of TRU, 3000
canisters of metal scrap TRU, and 180 canisters of HLW, not more than 1/100th
of a reference repository (DOE 1979) would be occupied by wastes from the CRBR
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fuel cycle. As discussed in more detail in Section D.2.4.4, releases of radio-
active materials from a repository would be Timited to generic values specified
in the environmental radiation protection standards currently being developed
by the U.S. Environmental Protection Agency. While these standards have not
yet been published, they are expected to limit total repository impacts to
levels which are smaller than the impacts from natural radiation sources,
unmined uranium ore, or the balance of the uranium fuel cycle. The impacts
attributable to the CRBRP wastes are projected to be less than 1/100th of the
total impacts of a high-level waste repository, and therefore would be insig-
nificant compared to natural sources of radiation.

In the case of waste disposal in a geologic repository, construction of the
repository would involve extractions of rock in a manner comparable to other
underground mining operations. In the process of mining, release to the atmos-
phere of naturally occurring radionuclides from the rock would be increased.

This increased release of radionuclides can be typified by the release of radon
and its decay products from the mine. It is estimated that for CRBR these
releases would range from about 6 x 10-5 Ci/yr from a repository in salt to

about 0.5 Ci/yr from a repository in granite (1/100th of values reported in DOE
1980). The resulting 70-year dose to the regional populations in the vicinity

of the repository would range from about 7 x 10-5 person-rem for a repository in
salt to about 1 person-rem for a repository in granite. For perspective the same
popu]at1on would annually receive about 1.4 x 107 person-rem from other natura]]y
occurring sources.

Nonradiological effluents released from repository construction and operation
result from generation of dust and effluents from machinery and are presented
in Table D.11. These projected releases would not exceed Federal Air Quality
Standards, as outlined in 40 CFR 50, at the repository boundary (1.6 km from
the point of emission). These quantities are developed from emission factors
and estimates of fuel requirements (OWI 1978; URS 1977).

Table D.11 Annual release of nonradiological effluents from
repository construction and operation attributable
to CRBR fuel cycle wastes*

Geological medium

. ~ Effluent (MT) salt Granite  Shale Basalt
Sulfur oxides 21 21 14 19
i Nitrogen oxides 11 12 9.4 11
/ Hydrocarbons 0.52 0.65 0.42 0.57
5 Carbon monoxide 13 23 13 21
Particulates 4.9 4.9 3.3 4.5
Heat (MJ) 2.5E+5 2.8E+5 1.4E+5 2.3E+5

*Construction and operation periods vary with geologic media;
values shown are largest annual releases.
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For purposes of providing perspect1ve on such effluents, annual emissions from
0il-burning space heaters in a town of about 30,000 are estimated to be 11 MT
of CO, 6 MT of hydrocarbons, 27 MT of nitrogen ox1de 300 MT of sulfur oxides,
and 23 MT of particulates. In all cases these eff1uents are in the range of
or greater than the repository releases.

Thus, the staff judges that the non-radiological impacts from the construction
and operation of a repository in support of the CRBR fuel cycle are insignifi-
cant when compared to effluents from other routine type activities.

Annual resource requirements associated with CRBR fuel cycle wastes at a
geological repository are given in Table D.12.

Table D.12 Annual resource requirements for CRBR fuel
cycle waste disposal in a repository*

Geological medium

Resource Requirement - Salt Granite Shale Basalt
Land (ha)

Temporary 0.06 0.07 0.06 0.07

Permanent 0.02 0.04 0.02 0.04

Total 0.08 0.11 0.08 0.11

Water (millions of gal) 0.1 0.2 0.1 0.2
Fuel

Electricity (MJ) 2.5E+6 3.1E+6 1.7E+6 2.8E+6

Diesel fuel (m3) 30 100 67 90

Coal (MT) 470 470 310. 430
Materials

Concrete (m3) 160 300 170 270

Steel (MT) 26 47 27 43

Steam (MT) 5000 5300 3300 4700
Staffing (person-yr) 10 15.0 8.7 16.0

*Annual requirements vary between construction and operation; values
shown are the largest annual requirements.

For perspective, the approximate annual U.S. production of some of the resources
identified in Table D.12 is shown below. Manpower is that expended in the
construction and mining industries (DOE 1980b).
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Annual U.S.

Resource production or use
Concrete, m3 7E+7

Steel MT 1E+8
Electricity MJ 7.2E+12
Diesel fuel, 4E+8
Staffing, person-years 4E+6

Thus, the resource requirements for the CRBRP contribution to a repository are
small in comparison with the annual U.S. production or use of such resources
for other purposes, i.e., in the range of 0.0001 to 0.01%.

The lifetime land requirements are based on CRBR wastes requiring about 1% of
both the area occupied by surface facilities and the area underneath excess

rock storage piles at the repositories. The land occupied by surface facilities
(1.8 ha for salt and shale and 2.2 ha for granite and basalt) could be con-
sidered temporarily committed because after the repository is decommissioned

and any post-closure monitoring activity is completed, the surface land could

be used for other purposes. However, land underlying the excess rock storage
pile (0.7 ha for salt, 0.5 ha for shale, and 1.2 ha for granite and basalt)
would be considered permanently committed.

D.2.2.5 Summary of Qverall Waste Management Environmental Considerations

Annual waste management environmental considerations associated with the CRBR
fuel cycle for LLW, TRU waste, and HLW are presented in Table D.13. The range
in impacts reflects differences which might be observed depending upon whether
the Federal repository is in salt, granite, shale, or basalt. In the staff's
estimation, CRBR waste management requirements do not constitute a significant
environmental impact. In all cases (i.e., storage, burial ground, repository),
the relatively small amount of wastes from the CRBR fuel cycle that would be
stored and/or disposed of at facilities being planned for other nuclear require-
ments would constitute a very small increment to those facilities' other needs.
Thus, the contribution of CRBR fuel cycle wastes would be minor by comparison
to the total waste management activities occurring at these facilities.
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Table D.13 Annual waste management environmental
considerations from the CRBR fuel cycle

Effect Range (a)

Land (ha) (b)

Temporarily committed (ha) 0.07 - 0.08
Permanently committed (ha) 0.03 - 0.05
Total 0.10 - 0.13
Water (millions of gal) 0.1 -0.2
Fuel
Electricity (MJ) 1.7E+6 - 3.1E+6
Coal (MT) 310 - 470
Effluents-Chemical (MT)
Sulfur oxides 14 - 21
Nitrogen oxides 9 -12 ,
Hydrocarbons 0.42 - 0.65
Carbon monoxide 13 - 23
Particulates 3.3 - 4.9
Effluents-Radiological (Ci)
Radon and decay product 6E-5 - 5E-1
Other radionuclides (c)
Thermal (MJ) 1.4E+5 - 2.8E+5

(a) Values shown are the range over geologic media and the
periods of repository construction and operation.

(b) Land commitments include that required for storage of
TRU wastes at Hanford and for LLW burial, and land
associated with the repository.

(c) The staff believes these values to be negligible by
comparison with similar effects from other fuel cycle
steps.

D.2.3 Transportation Impacts

Operation of the CRBRP would require the transportation of a variety of radio-
active materials between the power plant and the supporting fuel cycle
facilities. Although the exact Tocation of some of the supporting facilities
is not yet known, it is anticipated that they would be situated in different
parts of the country. In terms of potential environmental impacts, it thus
becomes important to quantify the many transportation steps required to
support the CRBRP. :

Radioactive materials transported in the CRBR fuel cycle involve a variety of

physical and chemical forms, but basically can be divided into three categories:
fresh fuel materials and assemblies, irradiated materials, and radioactive
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Table D.14 Summary of fuel materials and'quantities shipped for the CRBR
equilibrium annual fuel cycle
Quantity Quantity Heat Estimated Avg. No Est. Avg.
Shipped Shipped Per Generation Activity of Shipping
Mode of Per Year(a) Shipment(a) Rate Per Per Shipment Shipments Distance Shipment
Type of Shipment Transport (kg) (kg) Shipment (W) (Ci) Per Year (km) Destination(b)
Fresh Fuel Material
Uranium hexafluoride Truck 11,100 8,430 3.73 1.3 4,000 BFP
Uranium dioxide Truck 4,020 4,020 1.35 1 4,000 FMEF
Plutonium dioxide Truck 890 : 64 6.4E+3 14 4,830 FMEF
Fresh Core Rods Truck 4,889 360 6.6E+3 14 16 FOL
Fresh Core Assembly Truck 4,889 360 6.6E+3 14 4,000 CRBRP
Fresh Blanket Assembly Truck 6,980 600 0.20 (c) 12 4,000 CRBRP
56.3
Irradiated Material
Spent Core Assembly Rail 4,670 330 2.0E+4 4_8E+6 14 4,000 DRP
Spent Blanket Assembly Rail 6,920 580 5.4E+3 (c) 1.4E+6 (¢) 12 4,000 DRP
Radial Shield and
Control Rod Assembly Rail NA (d) NA NA NA 4.5 4,000 DRP
30.5

(a) Quantities of materials shipped are given in kilograms of heavy metal.

(b) BFP:

Blanket fabrication plant.

(c) Weighted average of inner and outer radial blankets.

(d) Not available.



Table D.15 Summary of radioactive solid waste and quantities shipped for the CRBRP
equilibrium annual fuel cycle

Quantity Quantity Number Heat Estimated Avg. No. - Est. Avg.
Shipped Shipped Per of Generation Activity of Shipping
Mode of Per Year Shipment Containers Rate Per Per Shipment Shipments Distance Shipment
Type Shipment Transport (Cubic Meters) (Cubic Meters) Per Year Shipment (W) (Ci) Per Year (km) Destination(a)

Waste From Fuel Preparation and Fabrication Plants

TRU Waste Truck " 30 6 145 1,660 5 7,000 FR
Waste from CRBRP

LiW Truck 67 8.4 321 840 8 4,000 BG
Evaporator
Bottoms (b) ~ Truck 0.4 8 2 NA 0.05 4,000 BG
= Treated sodium
> containing
co solids Truck 21 10 100 NA 2.1 4,000 BG

Waste from Reprocessing Plant

LLW Truck 25 12.6 120 130 2 4,000 BG

TRU Waste Truck 10 1.4 50 7.0E+5 7.1 4,000 FR

Metal Scrap Truck 14 0.8 102 3.4E+5 17 4,000 FR

HLW Rail 1 0.3 6 2.6E+4 6.0E+6 3 4,000 FR

Noble Gases Truck 0.01 0.3 0.035 1.0E+6 0.035 4,000 FR

Iodine Truck 0.01 0.3 0.05 < 50 0.03 4,000 FR
45 (c)

(a) FR: Federal repository; BG: Burial ground.
(b) From treated sodium coolant
(c) 42 Truck and 3 rail.
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wastes. The first category includes depleted uranium hexafluoride, depleted
uranium oxide, plutonium dioxide, fresh core rods, and fresh core and blanket
assemblies. These materials would constitute the basic fuel for the reactor.
Irradiated fuel and blanket assemblies, as well as exhausted radial shield and
control rod assemblies, are transported from the reactor to the reprocessing
plant. Radioactive wastes from the reprocessing plant, from the fuel fabrica-
tion plants, and from the CRBRP would have to be transported eventually to
either a shallow~land burial ground or to a geologic repository. The estimated
number of shipments and the quantities of these materials that would be gener-
ated in the operation of the CRBR fuel cycle, the general characteristics of
these materials, and the number of shipments per year required during CRBRP
equilibrium operations are summarized in Tables D.14 and D.15.

Commercial packaging and transport of radioactive materials are regulated at

the Federal level by the Department of Transportation (DOT). Shipment by the
DOE is done in accordance with DOE Orders. The regulations for package design
and control of shipments are designed to protect the public and transport
workers from external radiation and exposure to the contained radioactive
materials during shipment. Primary reliance for safety in transport of radio-
active material is placed on the packaging. The packaging must meet applicable
Federal and state regulatory standards which provide that the packaging shall
prevent loss or dispersal of the radioactive contents, retain shielding effi-
ciency, assure nuclear criticality safety, and provide adequate heat dissipation

~under both normal conditions of transport and specified damage test conditions

(i.e., design basis accidents). Package contents must also be controlled so
that standards for external radiation levels, temperature, pressure, and contain-
ment are met.

D.2.3.1 Heat Load Impacts'

The heat load per shipment for all fresh fuel materials would be expected to
have essentially no impact on the environment. The temperature of the outer
surfaces of these packages would be no higher than 50°F above the average
ambient air temperature. With regard to the irradiated materials and wastes
being transported in the CRBR fuel cycle, the spent core and blanket assemblies
and HLW shipments would release somewhat more heat to the environment. The
heat Toad per shipment for these materials is shown in Tables D.14 and D.15.

Thermal releases would result from shipping spent core and blanket assemblies
and HLW by rail. Based on the data on heat generation shown in Table D-14 and
D.15 and data provided by DOE on length of travel time (DOE 1982), the thermal
releases are estimated to be about 2.1E+5 MJ annually.

With regard to the heat impacts of spent fuel and HLW, this analysis has been
based upon the heat generated from these materjals at their assumed shipment
times of 100 days and 1 year after discharge, respectively, since these times
represent maximum or bounding conditions. The design rate of release of heat
to the air from casks for transport of irradiated materials and HLW is stated
by the applicant to be about 26 kW, or about 90,000 Btu/hr. This rate can be
compared with the rate of 50 kW or 180,000 Btu/hr released as waste heat from
a 100-hp truck engine operating at full power. The temperature of the cask
surface would be less than 50° F above ambient temperature. Federal regulations
(49 CFR 173.393) restrict the temperature of accessible cask surfaces to a
maximum of 180°F. Because the amount of heat would be small and would be
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released over the entire transportation route, no appreciable effect on the
environment would result.

D.2.3.2 Traffic Density Impacts

Radioactive materials in the CRBRP fuel cycle are transported primarily by

truck or train. Except in the case of plutonium containing materials and HLW
which must be safeguarded against theft and sabotage (see Appendix E), shipments
in the CRBR fuel cycle would be made using commercial shipping systems. As

shown in Tables D.14 and D.15, operation of the CRBRP would require approx-
imately 56 shipments by truck per year of fresh fuel material, 33 shipments by
rail per year of irradiated fuel components and wastes, and 42 shipments by truck
per year of radioactive wastes.

The shipments in support of the CRBRP would be over public roads via truck for
fresh fuel material and some waste shipments. The number of these shipments
would be very small compared with normally expected traffic density on highways.
Irradiated material shipments to the reprocessing plant and shipments of HLW
from the plant would be made by rail car. Shipping irradiated assemblies and
HLW would involve about 30 rail car shipments annually. This is very small
compared with commercial rail shipments annually. Thus the total number of
shipments would be too small to have any measurable effect on the environment
as a result of increased traffic density.

According to DOE, there are approximately 720,000 truck km (450,000 truck miles)
required annually for shipping CRBR fuel and waste materials (DOE 1982). The
staff finds this is a reasonable estimate based on data in Tables D.14 and D.15.
At 4.9 miles/gallon (NRC 1976c), approximately 92,000 gallons of diesel fuel
would be used annually to ship these materials by truck. An additional small
increment of diesel fuel would be used in rail shipment of spent assemblies and
HLW. The staff concludes that the fuel attributable to the car carrying a spent
fuel or HLW cask would be but a small fraction of the fuel required for the total
train and is within the error of estimate of diesel fuel required for truck ship=-
ment. On the basis of emission yields for diesel engines from NRC 1976c, com-
bustion of 92,000 gallons of diesel fuel would release about 9.4, 1.5, 15.4,

1.1, and 0.5 MT respectively of CO, hydrocarbons, nitrogen oxides, sulfur oxides,
and particulates.

D.2.4 Radiological Impacts

The staff has estimated the dose commitment to the U.S. population (hereafter
referred to as the population dose) from exposure to annual releases of radio-
active effluents from normal operation of fuel cycle facilities and from trans-
port of radiocactive materials supporting the CRBR fuel cycle.

D.2.4.1 Dose Commitments from Blanket Fuel Fabrication

Radiological doses resulting from the conversion of depleted uranium hexafluoride
to uranium dioxide and the fabrication of blanket fuel assemblies will depend,

to some extent, on the commercial facility chosen to perform these functions.
However, such effects can be projected on a generic basis from the environmental
impact assessments of existing commercial U.S. uranium fuel fabrication plants
(NRC 1977b, 1981b, and 1982b). On these bases, the population doses to the whole
body from exposure to radioactive effluents from the fabrication of blanket
assemblies for the CRBRP are expected to be less than 0.1 person-rem annually.
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D.2.4.2 Dose Commitments from Core Fuel Fabrication (FMEF and Building 308)

Population dose estimates for the fabrication of mixed oxide core fuel rods

for the CRBRP are based on the annual releases listed in Table D.4 for the SAF
line, using an environmental dose commitment (EDC) time of 100 years*. The
computational code used for these estimates is the RABGAD code originally
developed for use in the "Generic Environmental Impact Statement on the Use of
Mixed Oxide Fuel in Light-Water-Cooled Nuclear Power Plants," GESMO (NRC 1976a).

The following environmental pathways were considered in estimating doses: (1)
inhalation and submersion in the plume during its initial passage; (2) inges-
tion of food; (3) external exposure from radionuclides deposited on soil; and
(4) atmospheric resuspension of radionuclides deposited on soil. Radionuclides
released to the atmosphere are assumed to be transported with a mean speed of

2 m/sec over a 4000-km pathway from the State of Washington to the northeast
corner of the United States, and deposited on vegetation (deposition velocity
of 1.0 cm/sec) with subsequent uptake by milk and meat producing animals. No
removal mechanisms are assumed during the first 100 years (radioactive decay is
negligible) except normal weathering from crops to soil (weathering half-1life
of 13 days).

The following agricultural and population characteristics were used in computing
doses:

Annual food crop production is 100 kg/day/miZ2

Annual milk production is 90 liters/day/mi2

Annual meat production is 65 kg/day/mi?

Population density (based on the U.S. census for 1970 and allowing for
about a 50% increase in the population) increases exponentially from

75 people/mi? in the State of Washington to 1500 people/mi2 at the East
Coast (NRC 1979).

The bases for the agricultural characteristics are described in GESMO (NRC 1976a).

Using the above bases, the U.S. population doses to the whole body and critical
organs from exposure to radioactive effluents from the core fuel fabrication
plant are estimated to be less than 0.1 person-rem. The staff projects that
there will be no radiological releases from the core fuel assembly plant
(Building 308), and thus doses to the population from the core assembly opera-
tion will be negligible.

D.2.4.3 Dose Commitments from Fuel Reprocessing

Population dose estimates for the reprocessing plant for irradiated CRBRP fuel
assemblies are based on the annual releases listed in Table D.8 for the DRP.

The RABGAD computer code was used to estimate doses using the preceding para-
meters, except for the following because of the 1ikelihood of an eastern site for
the DRP: (1) the radionuclide releases were assumed to be transported over a
2400-km pathway, to the northeast corner of the United States, and (2) the
population density was assumed to be 235 people/mi2.. On this basis, the U.S.

*The environmental dose commitment (EDC) is the integrated population dose for a
specific time period (e.g., 100 years), it represents the sum of the annual
population doses for the total time period specified.
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population dose to the whole body from exposure to radioactive effluents is
estimated to be about 140 person-rems. Over 90% of this dose is due to exposure
to tritium and carbon-14. Conservative (high side) estimates were used for
source terms; consequently, the preceding dose is also conservative. Despite
this bounding assessment, the dose commitment from the reprocessing plant is
less than 0.001% of the annual natural background dose to the U.S. population.

D.2.4.4 Dose Commitments from Waste Management

The radioactive wastes from the CRBRP and its supporting fuel cycle would be
similar to other wastes that have been generated in the past and are projected
to be a small fraction of such wastes that would be generated in the next

30 years from commercial nuclear power operations. For Tow-level wastes, the
CRBR wastes would represent less than 1.3% of the total curie content of the
low-level wastes that will be disposed of at the reference disposal site assumed
in the DEIS for 10 CFR 61 (NRC 1981a). The DEIS for 10 CFR 61 shows that the
environmental effects of the reference disposal facility are small. Thus, the
radiological effects of disposal of CRBRP low-level wastes would be negligible
when compared to the total effects of low-level waste disposal.

The CRBR high-Tlevel wastes are projected to occupy less than 1% of the total
inventory of a typical high-level waste repository. The CRBR wastes are not
significantly different from other wastes that would be disposed of in a Federal
repository (see Section D.2.2.4.) DOE has stated that high-level waste manage-
ment facilities are to be designed in such a manner that there will be reason-
able assurance that wastes will be isolated from the accessible environment for
a period of at least 10,000 years with prediction of no significant decreases

in isolation beyond that time.

DOE is currently conducting design studies for a HLW repository. However,
until the design is finalized and a repository site has been selected, it would
not be possible to quantify the long-term radiological impacts from HLW disposal
at a specific site. Furthermore, the design of a repository (and the resulting
impacts) would be strongly dependent on the generic performance standards with
which the repository must comply. The U.S. Environmental Protection Agency
(EPA) has the statutory responsibility for and has been working for 6 years

to develop generic environmental radiation protection standards for disposal

of HLW, but has not yet published these standards. In the absence of these
standards, the radiological impacts of generic disposal of HLW cannot be
quantified in a meaningful manner.

It is anticipated, however, that the EPA standards would limit the impacts of a
HLW repository to levels small in comparison with natural radiation sources,
unmined uranium ore, and the balance of the uranium fuel cycle. Since the HLW
from the CRBRP would contribute less than 1/100th of the total inventory of a
HLW repository, the radiological impacts from disposal of these wastes are
expected to be insignificant compared to natural radiation sources.

'D.2.4.5 Dose Commitments from Transportation

The principal radiological impacts from transport of radioactive materials are
the direct radiation dose to the transport workers and bystanders. Persons
along the transport route are also exposed during passage of the transport
vehicle. In most cases, exposures are small and for a relatively short dura-
tion, but the number of persons who can be exposed may become Targe during a

D-32




trip of considerable distance. Additional doses may result from exposure to
the public during stops for meals, crew rest, vehicle servicing and refueling.

Estimates of the doses to transport workers and the general population from

the shipment of radioactive materials in the CRBR fuel cycle must be estimated
in a generic manner because the locations of some fuel cycle operations and

the storage or disposal site(s) for the radioactive wastes have not been firmly
established. Using assumptions similar to those above for specific fuel cycle
steps and based on average, conservative model conditions for radiation fields
outside of packages, shipping distance, exposure times, and number of people
exposed, the radiological doses from the transportation of radioactive materials
for the CRBRP were conservatively (high side) derived using the methodology
detailed in NUREG-0170 (NRC 1977c). These are summarized in Table D.16. As
noted in the table, the overall radiation dose to transport workers and the
general population is approximately 30 person-rems per year for the CRBRP and its
related fuel cycle. The dose of 5 person-rems to the general population would

Table D.16 Estimated whole-body doses to transport workers
and the general public from shipment of radioactive
materials in the CRBR fuel cycle

Person-Rems per Year

Transport General
Workers population
A. Fresh Fuel Materials
Plutonium dioxide 3.2 0.67
Fresh fuel
Core assemblies 2.7 0.56
Blanket
Assemblies 0.11 0.0075
B. Irradiated Materials
Spent fuel core assemblies 5.8 0.74
Spent blanket assemblies 4.9 0.63

Control rod and radial
shield assemblies ' 0.007 0.0024

C. Waste Materials
Fuel fab. plants

TRU waste 0.95 0.31
CRBRP

Solid radwaste 1.5 0.50
Reprocessing

TRU waste including

metal scrap 4.6 1.5
LLW 0.382 0.13
HLW 1.2 0.18
D. Total 25 5
E. Total General Population
and Transport Workers 30

*Packages are assumed to meet DOT limits on external dose rates.
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be distributed along the route among approximately 750,000 people. If 0.1 rem
per person per year is conservatively chosen (low side) to represent the
average exposure to the U.S. population from background radiation (the actual
range is from about 100 to 250 mrems per person per year), these same people
are calculated to receive about 75,000 person-rems per year.

Based on the above analysis, the staff concludes the doses to transport workers
and the general population associated with the shipment of radioactive material
to and from the CRBRP and its related fuel cycle facilities would be negligible
(within the range of variation of natural radiation at a given location) and
indistinguishable from the doses attributable to natural sources.

D.2.4.6 Summary of Radiological Impacts

The population dose to the total body of the U.S. population resulting from
the CRBR fuel cycle operations is summarized in Table D.17. From the table

the staff estimates that the dose to the total body from the annual operation
of the CRBR supporting fuel cycle would be about 170 person-rems. Most of this
dose is from exposure to radioactive effluents released from the fuel reproces-
sing plant. For perspective, the annual background radiation dose to the U.S.
population (28 million person-rems) is included in Table D.17. The population
dose to the total body of the entire U.S. population from exposure to radio-
active effluents from routine operations of the CRBR fuel cycle facilities and
operations is a small fraction (less than 0.001%) of the corresponding popula-
tion dose from one 1 year of exposure to natural background radiation.
Potential health impacts from exposure to radioactive effluents from routine
operation of CRBRP and its supporting fuel cycle are discussed in Section 5.7.3.

Table D.17 U.S. population doses due to annual releases of
radioactive effluents from routine operations of
the CRBRP supporting fuel cycle

Annual whole body

Source of exposure dose (person-rems)

Blanket fuel assembly fabrication plant <0.1 (a,b)

Core fuel assembly fabrication plant <0.1 (a)

Fuel reprocessing plant 140

Transportation 30

Storage and disposal of radioactive waste small (c)
Total (rounded) _ 170

Natural background (d) 28,000,000

(a) The annual population doses to the bone, lung, kidney and GI
tract are also less than 1 person-rem.

(b) Based on environmental impact appraisals for existing com-
mercial fuel fabrication plants of Westinghouse, General
Electric, and Exxon, adjusted for CRBRP throughput.

(c) Expected to be very small compared to the annual releases of
the other fuel cycle steps.

(d) Based upon a U.S. population of 280,000,000 persons (projected
population for the year 2010) receiving a background dose of
about 0.1 rem/yr.
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D.2.4.7 FSensitivity Analysis of Fuel Cycle Options

The fuel cycle presented by DOE in Section 5.7 of Amendment XIV to the ER
represents in the staff's view a simplified cycle for CRBRP fuel handling. The
staff has qualitatively considered what it believes to be a somewhat more
realistic overall fuel cycle. It employs a once-through or opened fuel cycle
during the early years of the CRBRP operations, followed by a closed fuel cycle
utilizing repeated recycle of plutonium materials during later CRBRP operations.

The once-through or opened fuel cycle mode would involve the supply of about
0.89 MT of fresh plutonium annually from DOE stockpiles to provide a constant
quantity and isotopic composition of plutonium as input material for each reload
for the CRBRP during the early operational period. For this fuel cycle mode,
the front end of the fuel cycle would be essentially similar to that described
in Sections D.2.1.1 and D.2.1.2 and assessed in Sections D.2.4.1 and D.2.4.2.
Thus, for this mode no significant impact changes are expected from the front
end of the fuel cycle. With regard to the back end of the fuel cycle without
plutonium recycle, transportation of radioactive materials and waste management
generally are either decreased or eliminated, and environmental impacts would
be less. In overview, for this opened fuel cycle mode, actual impact levels
should be somewhat lower than those presented in Table D.17; therefore, for
this assessment, the impacts given are judged to be a clearly conservative
representation of the opened fuel cycle mode.

Inspection of the other basic fuel cycle mode, that of the closed fuel cycle
where the plutonium would be used for repeated cycling, presents a different
set of conditions. In this mode the plutonium used would be of changing
isotopic composition and quantity. The composition of plutonium discharged
from the core region of the CRBRP might approach, in the limiting case of
repeated irradiation, that of the LWR long burnup-type plutonium assumed by DOE
"~ for its assessment of the environmental impacts of the FMEF SAF 1ine and DRP
facilities. This type of plutonium, when combined with the plutonium contained
in the blanket assemblies, may result in the need for an increase in plutonium
content of CRBRP fuel of about 10 to 15% per annual reload to account for the
decreased fissile concentration of the plutonium material. This would entail a
small increase in the plutonium oxide shipments noted in Table D.14 that might
result in an increase in whole body exposure to transport workers and the
general population of less than 0.5 person-rem. In addition the changes in
plutonium isotopic composition with repeated recycling would have some other
potential effects on radiological exposures. However, the staff assessments of
airborne effluents from fuel fabrication and fuel reprocessing operations were
conservatively based upon the higher values of radionuclide content for either
fresh stockpile plutonium or LWR Tong-burnup spent fuel plutonium. In this way
the staff's conservative analysis bounded conditions that would be associated
with effects of plutonium isotopic variation from the closed fuel cycle mode
with the exception of the small 10 to 15% increase in plutonium quantities that
might be required. In addition, it should be noted from Table D.17 that, in
the staff's assessment, the bulk of the radiological dose to the population
from the CRBR fuel cycle results from the fuel reprocessing and transportation
steps. In the staff's evaluation of the fuel reprocessing step, the principal
contributors to the radiological dose are releases of tritium and carbon-14,
which are essentially unaffected by the variations in plutonium composition or
throughput. In the transportation dose analyses, the packages are-assumed to
meet DOT 1imits for external dose rates and will be upaffected by variations
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in plutonium composition. Thus, for the fuel cycle option represented by use of
repeatedly recycling plutonium, the staff has adequately covered the potential
effects by its conservative (high side) assumptions in its detailed analysis.

In this sensitivity analysis the staff has qualitatively considered reasonably
expected variations to the simplified fuel cycle presented by DOE in the ER and
believes that the reasonably expected modes of fuel cycle operation are bounded
by the staff's conservative environmental assessment, which is summarized in
Section D.2.4.6. Further, no significant perturbations to the overall assess-
ment or staff conclusions would be anticipated from reasonably expected varia-
tions to the simplified fuel cycle presented by DOE.

D.2.5 Socioeconomic Impacts

Socioeconomic impacts of the CRBR fuel cycle would relate principally to the

need for new facilities or operations or additional needs to already planned
operations or nuclear facilities that would cause increases or changes in levels
of employment and public services requirements. These impacts have been assessed
with regard to: '

(1) population effect -~ changes in population resulting from the influx of
workers and their families during the construction and operational stages
of the facilities. '

(2) economic effect - induced changes in income and expenditures, including
demands for services, both public and private.

The equilibrium CRBR fuel cycle would include new facilities for mixed-oxide
(MOX) fuel fabrication and fuel reprocessing as well as additional needs for
uranium element fabrication; management of LLW, HLW and TRU waste generated by
facilities in the fuel cycle; and the transport of products and wastes between
such activities. Most facilities are expected to be DOE owned and operated
and to be substantially smaller than were postulated for a commercial breeder
reactor economy (ERDA 1975a). While the CRBRP is in advanced stages of design
and its site selected and the facility for fabrication of the core fuel for
the reactor is under construction, the same cannot be said for some of the
other portions of the fuel cycle. Most of the other fuel cycle facilities are
in the conceptual stage and potential socioeconomic effects can only be
considered qualitatively.

The staff has considered the socioeconomic impacts of the additions to already
planned nuclear operations as noted below.

The plant for the fabrication of the blanket materials and assemblies, yet to
be selected, would likely be one of several existing commercial uranium fuel
fabrication facilities already in operation. It is expected that the existing
normal production capacity of the facility would be many times that required
for CRBRP. Any impacts of blanket fuel and material production would be a
small and undifferentiable component of existing effects. Thus this CRBR
operation has essentially no socioeconomic impacts.

Both the Federal high-level waste repository and the specific commercial Tow-

level waste disposal facility that would be used for management of CRBR fuel
cycle wastes are not established at this time. Regardless, the waste from CRBR

D-36



would contribute only a small portion to the total capacity of such planned
facilities; thus any socioeconomic impacts associated with CRBR waste management
would be a small increment to overall U.S. waste management socioeconomic impacts.
In addition, socioeconomic effects of a geologic repository were assessed (DOE
1980b) -and found not to be limiting in terms of a cost/benefit balance.

The materials to be transported are not unlike materials already planned to be
transported to sites of several fuel cycle operations that are planned but yet
to be specifically established. Thus, socioeconomic effects of transportation
of radioactive materials to and from the various fuel cycle operations are
assessed on a generic basis. Assumed distances between facilities were such

- that the analysis would tend to overestimate rather than underestimate conse-
quences. Further, it is noted that transportation required for the CRBR would
be a small fraction of that required for the commercial nuclear fuel cycle.
The volume of transportation of radioactive materials associated with the CRBR
fuel cycle would be insignificant in comparison with transport of materials
for total U.S. nuclear energy production.

Socioeconomics of construction and operation of specific fuel cycle facilities
principally associated with CRBR requirements appear to be manageable as in
the case of other similar significant new projects as discussed below. These
socioeconomic effects include those associated with the MOX fuel fabrication
plant and a reprocessing plant. Therefore, the staff's assessment considered
these special CRBR facilities.

The SAF line, one such special facility to be used for CRBR core fuel fabrica-
tion, will be built as part of the FMEF which is currently under construction
on DOE's Hanford Reservation near Richland, Washington. Construction will take
about 20 months and have a peak employment of 250 persons. Peak operational
employment will be about 100 persons. The Hanford Reservation employs about
10,000 persons, and the metropolitan Richland area has a population of about
125,000 persons. The relatively small magnitude of the project compared to

the Hanford complex and the small size of FMEF work force compared to the
relatively large population and work force in the area would result in little
socioeconomic impact during either construction or operation of the facility.

The facility for reprocessing CRBRP fuel is still in the formulative stage and
several alternatives are still under consideration by the DOE. The one selected
by NRC for this assessment, the Demonstration Reprocessing Plant (DRP), has

been selected as a bounding alternative (high side) for impact assessment pur-
poses, but its site is yet to be established and thus can only be considered
generically. On the other hand, the facility would be expected to be smaller
than the reference commercial reprocessing plant for LWR fuel reprocessing where
socioeconomic effects in a hypothetical but reasonable environment were not
found to be large.

The DRP, although principally designed for processing CRBR fuel, could also
reprocess 1ight water reactor fuel (LWR). The designed capacity will be about
150 MT/year. Approximately 12 MT/year of this capacity will be used for re-
processing CRBRP fuel. The location of the DRP has not yet been decided but it
is 1ikely that the location will be on a Federally owned site with large local
work forces. The peak construction force is projected to be 3700, and the full
operation work force about 750. Of this, about 8% would be attributable to the
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CRBR fuel cycle. Assuming that the plant would most likely be built in a rela-
tively urbanized area such as the Oak Ridge or Hanford sites, significant socio-
economic impacts would not be expected because of the availability of local
labor and the ability of an urbanized area's services and facilities to absorb
additional temporary population increases. In the event that the Oak Ridge
reservation is the site for both the DRP and the CRBRP, then the CRBRP construc-
tion force would be decreasing as the DRP work force is increasing; thus the.
socioeconomic aspects of the DRP would tend to be a stabilizing factor for the
additional construction period.

In summary, for those parts of the CRBR fuel cycle that are specifically
associated with that project, the socioeconomic impacts have been considered
qualitatively and at most would appear to be small (e.g., equivalent to any large
capital project). For those portions of the fuel cycle that are similar to

the commercial nuclear reactor fuel cycle, the incremental effect of the CRBR

is very small (approximately 1%) and is not considered to be measurable or a
significant increment. Thus, it is the staff assessment that the socioeconomic
impact of the CRBR fuel cycle would not be a significant factor in the cost/
benefit balance for decisions regarding the CRBRP.
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APPENDIX E

SAFEGUARDS RELATED TO THE CRBRP FUEL CYCLE AND
TRANSPORTATION OF RADIOACTIVE MATERIALS

The material in this appendix replaces the material in Appendix E in the original
issuance of the FES.

E.1. INTRODUCTION

The CRBRP was originally projected-to be supported by a commercial fuel cycle
where all the facilities would be NRC-1icensed. There are no plans for such
commercial operations at the present time; hence the Department of Energy (DOE)
would support the CRBRP with its own fuel cycle facilities. Accordingly, DOE
amended the CRBRP Environmental Report (AEC 1974) to cover the CRBRP fuel cycle,
including DOE's proposed safeguards measures for all fuel cycle and transporta-
tion activities.

This appendix describes and assesses DOE's proposed safeguards for the CRBRP
fuel cycle. To aid in the assessment, three general safeguards criteria are
used:

1. Do DOE's proposed safeguards systems provide a potential for deterring
_attempts at theft or diversion of plutonium and attempts at sabotage of
facilities or materials to be used in the CRBRP fuel cycte?

2. Are DOE's proposed safeguards systems likely to detect attempts at sabo-
tage, theft, or diversion? .

3. Do DOE's proposed systems for responding to attempted theft, diversion,
or sabotage provide reasonable assurance that such attempts would not
be successful?

Each fuel cycle facility and transport activity can be assessed by comparing
its safeguards design features with the general safeguards criteria. A typi-
cal safeguards system contains both physical security systems and material
control and accounting systems, and may contain the following features: access
controls, intrusion detection systems, delaying mechanisms (fences, barriers,
etc.), respohse systems, systems to detect unauthorized removals of plutonium,
material measurement systems and records systems.

The assessment is based on Amendment XIV of DOE's CRBRP Environmental Report
(DOE 1982)* and on literature expressly referenced in the Environmental Report.
At this stage of the licensing process, only a general description of the fuel
cycle components and their proposed safeguards systems is required. The pro-
posed fuel cycle with plutonium material types** and the expected modes of
material transportation is shown in Figure E.1.

*Also referred to as "the applicants' ER" in the main body of this report.
**Plutonium is the only SNM type in the CRBRP fuel cycle.
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The CRBR fuel cycle environmental review is unlike a similar review for light-
water reactors for several reasons. The principal difference is that most of
the fuel cycle facilities are to be owned and operated by DOE and would not be
licensed. Similarly the transportation activities performed by DOE would not
be subject to NRC regulation. Another difference is that most of these facili-
ties are still conceptual and detailed safeguards systems are not yet designed
for some of them. Of the CRBRP fuel cycle facilities, only Building 308 on the
Hanford Reservation is operational today.

The remainder of this appendix is organized principally by fuel cycle activity.
The design basis threats for the safeguards systems are described in Section
E.2, followed by sections with descriptions of the DOE's proposed safeguards
systems for plutonium conversion, MOX fuel fabrication, the CRBRP, fuel repro-

~cessing, and waste storage facilities. Section E.8 describes the necessary

transportation Tinks in the fuel cycle and related safeguards measures. Each
section considers the estimated cost of CRBR fuel cycle safeguards and assesses
the potential for the proposed safeguards systems to meet the objectives stated
above.

E.2. SAFEGUARDS DESIGN BASIS THREATS
E.2.1 NRC-DOE Threat Comparison

The safeguards systems described in this appendix are designed to counter

- design basis threats.: The design basis threats contained in NRC's regulations

(10 CFR 73.1(a)) would be used by DOE to protect against acts of radiological
sabotage and to prevent the theft of plutonium at the proposed CRBRP. Safe-
guards systems for the associated, nonlicensed fuel cycle facilities would be
designed in accordance with DOE's 1976 threat guidance. DOE threat guidance
was revalidated in 1978 and remains in effect today.

NRC and DOE design basis threats are similar. The staff believes that safe-
guards programs designed in accordance with DOE's threat guidance will provide
a level of protection against theft and sabotage that is at least as high as
that provided by programs designed in accordance with NRC's design basis
threats.

E.2.2 Summary of NRC Design Basis Threats

NRC design basis threats are detailed in 10 CFR 73.1(a). The threats are
intended to provide guidance in the design of safeguards systems to protect
against acts of radiological sabotage and to prevent theft or diversion of
formula quantities* of special nuclear material. The safeguards system for
sabotage shall be designed to protect against a determined violent external
assault, attack by stealth, or .deceptive action by several persons who are
well trained and dedicated, aided by a knowledgeable insider, and equipped
with suitable weapons and hand-carried equipment.

The safeguards system for theft or diversion shall be designed to prevent a
determined violent external assault, attack by stealth, or deceptive actions
by a small group who are well trained and dedicated, aided by a knowledgeable

*A formula quantity is defined in 10 CFR 73.2(bb).
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insider, equipped with suitable weapons and hand-carried equipment, and capable
of operating as two or more teams.

In addition, the safeguards systems shall be designed to protect against sabo-
tage by a single insider and to prevent theft or diversion by a single insider
and by a conspiracy between insiders.

£.2.3 NRC Policy on Clandestine Fission Explosives (CFE)

When designing safeguards systems to counter the design basis threat described
above, the NRC does not assume any reduction in risk to the public due to dif-
ficulties that a non-national group might encounter in designing and building

a CFE after obtaining two or more kilograms of plutonium. The staff recognizes
that such risk reductions, although not quantifiable, are real, particularly

in the case of a non-national group lacking necessary technical competence.
Nevertheless, the staff concludes that such risk reductions are appropriately
considered as an extra margin of conservatism. This staff policy on risk from
clandestine fission explosives is based upon the following statement, contained
in a memorandum from the NRC Executive Director of Operations oh August 8, 1977:
"Operating Assumption: It is assumed that a small non-national group of people
could design and build a crude nuclear explosive device which would produce a
significant nuclear yield, that is, a yield much greater than the yield of an
equal mass of high explosive. To accomplish this, they would need an amount

of special nuclear material which is at least equal to the five-kilogram formula
quantity, and they would have to possess the appropriate technical capabilities."
NRC regulations for protection against theft or diversion of formula quantities
of SNM are consistent with this premise.

E.3. DOE SAFEGUARDS SYSTEM FOR PLUTONIUM CONVERSION

E.3.1 Physical Security System Description

Physical security systems for all DOE CRBRP fuel cycle facilities must have the
objective of providing high assurance that activities involving SNM would not
adversely affect national defense and security or constitute an unacceptable
public health and safety hazard. In this context physical security systems

are designed to protect against SNM theft or diversion and sabotage. For DOE
facility physical security systems, standards for protection of SNM are out-
lined in DOE Order 5632.2, "Physical Protection of Special Nuclear Materials"
(DOE 1979). These standards outline a protection-in-depth concept which is
implemented by providing multiple barriers and detection systems between
individuals and SNM.

During the first 5 years of CRBRP operation, plutonium for the core fuel would
be obtained from DOE stockpiles. The conversion of plutonium to PuOy, for fab-
rication of core fuel during the demonstration period would be done either at
the Purex Plant on the Hanford Reservation or at another DOE facility having
similar processing and safeguards capabilities. Physical security at this
type of facility would include provisions for intrusion detection, adversary
delay, alarm assessment, alarm response, and normal access control.

At the facility perimeter, two chain-1ink fences topped with barbed wire would
identify the Protected Area boundary. Unauthorized access would be detectable
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using an intrusion detection system and a facility access control system. The
perimeter would be illuminated, and assessment of alarms could be accomplished
by closed-circuit television or security force visual surveillance. The guard
station would 1imit access to the facility to personnel and vehicles necessary
to perform facility functions.

A11 personnel, packages, and vehicles entering or leaving the Protected Area
would be subject to search for contraband and plutonium. A1l personnel enter-
ing the Protected Area would be required to have DOE security clearances
authorizing access to the facility or would be escorted by security-cleared
employees. Further personnel access control would be achieved at the process
building and subsequently at the plutonium conversion material access area.*
Only facility personnel required for plant operations would be allowed access
to these areas. All entrances to the building and material access areas would
be monitored by an intrusion detection system.

Barriers at the Protected Area perimeter, building exterior, and interior por-
tals to material access-areas would be designed to delay intrusion long enough
to provide sufficient time for intrusion situation assessment and alarm response
actions.

A11 alarm and assessment systems would be monitored at a central alarm station,
and redundantly monitored at a secondary alarm station located nearby.** A1l
alarm equipment and transmission lines would be failure- and tamper-indicating.
Both stations would have redundant communication 1links to the onsite security
response force and to offsite local law enforcement agencies.

E.3.2 Material Control and Accounting System Description

A11 DOE CRBR fuel cycle facilities would be operated under the material control
and accounting (MC&A) requirements given in DOE Order 5630, Parts 1 through 7,
"Material Control and Accounting...(DOE 1979-81)" Under these requirements,
the facility management would establish a system for the control and accounting
of plutonium bearing materials. This would include subsystems for:

containment
surveillance

internal control
measurement

statistics

records and reports
inventory certification.

©C 0O O0OO0OO0O0O0

The MC&A system, in conjunction with the physical security system, would pro-
vide capabilities to detect and deter the illicit diversion of plutonium and
would provide assurance that no diversion has occurred.

Physical inventories would be performed on a bimonthly basis. DOE has stated
that the 1imit of error on a 1-month material balance for facilities of this

*Material access area is defined in 10 CFR 73.2(j).
**XDOE requires central and secondary alarm stations at all facilities to be

continuously manned.
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type should be about 0.5% of throughput, and that the 1imit of error for a
2-month balance should be a slightly lower percentage of throughput.

Based on the expected plutonium throughput of the conversion facility, the
limit of error for the inventory difference would be 1 kg or less for 2-month
period. Items, including feed, product and scrap materials, would be stored
in a vault and their contents verified by non-destructive analysis as fre-
quently as desired.

Safeguards for the conversion facility would include a prompt accounting system
which would allow material balances to be performed as frequently as desired
and inventory differences estimated with sufficient accuracy to detect abrupt
losses of significant quantities at high confidence levels and to detect small
recurring losses before a cumulative loss could reach a significant quantity.
The prompt accounting system should be able to detect the diversion of less
than 1 kg of plutonium over a period as long as a week.

E.3.3 Costs of Plutonium Conversion Safeguards

DOE has not reported data concerning the cost of plutonium conversion facility
safeguards.

E.3.4 NRC Assessment of Plutonium Conversion Safeguards

The safeguards systems proposed by DOE for the plutonium conversion facility
meet the assessment criteria described in Section E.1l. The physical security
system contains features that provide for detection of unauthorized activities
and for a reasonable level of deterrence of theft of plutonium, as well as for
protection of the facility against sabotage. The proposed MC&A measures,

which include prompt accounting as well as systems required by DOE Orders (DOE
1979; DOE 1979-81), should provide reasonable assurance that theft or diversion
of a significant quantity of plutonium will be detected in a timely manner.
Communication systems would enable onsite and offsite forces to respond in such
a fashion as to deter and prevent attempted adversary actions. The safeguards
systems at this facility could assure that risks from the design basis threat
are no greater than at other currently operating U.S. nuclear facilities han-
dling significant quantities of SNM.

Although no cost data for safeguards at the conversion facility have been pro-
vided, it is anticipated that the costs would be comparable to the safeguards
costs at other similar DOE facilities. Since the candidate facility for the
initial plutonium conversion has already been built for other purposes and is
only scheduled for CRBR conversion operations during the 5-year demonstration
period, the plutonium conversion safeguards costs attributable to the CRBRP
operations would be small compared to the other CRBR fuel cycle costs.

E.4 DOE SAFEGUARDS SYSTEM FOR FUEL FABRICATION FACILITIES

E.4.1 Physical Security System Description

The Fuels and Materials Examination Facility (FMEF), where the CRBRP fuel mate-
rial would be fabricated into fuel rods, and the Fuel Development Laboratory
(308 Building), where the fuel rods would be fabricated into assemblies, are
located on the DOE Hanford Reservation. Both facilities would have comparable
physical security features as described below.
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A Protected Area would be established at the facility perimeter to control per-
sonnel and vehicle access. This area would be defined by two chain-1ink fences
topped with barbed wire and would utilize intrusion detection systems to alert
the security force to possible intrusion attempts. The perimeter would be suf-
ficiently illuminated to permit effective alarm assessment by both closed-
circuit television and security personnel. Normal access to the Protected Area
would be gained by DOE security-cleared personnel and escorted visitors through
a guard station. A1l persons, packages, and vehicles entering or leaving the
area would be subject to search for contraband and plutonium.

The building portals would be security-hardened and alarmed when not in use.

The main building entrance would be controlled to allow only authorized individ-
uals access to the building. Search procedures similar to those performed at
the Protected Area perimeter would be in effect.

Plutonium in the facility would be located in Material Access Areas (MAA) where
access would be further Timited to personnel necessary to perform authorized
activities in those areas. ‘At the FMEF the plutonium in process would be
contained within the Secure Automated Fabrication (SAF) Line, which would be
remotely operated from behind isolation walls that function as a secondary
‘confinement barrier. When an MAA is unoccupied, an intrusion detection system
would be activated.

Security alarm and assessment systems would sound in a central alarm station.
Redundant alarm annunciation would be provided at a secondary alarm station.
A11 alarm equipment and transmission lines would be failure- and tamper-
indicating. Both stations would have redundant communication links with secu-
rity response forces and local law enforcement agencies. Security for the
Hanford Reservation is provided by the Hanford Patrol. Sufficient response
personnel with appropriate armament are available to protect the facilities
and plutonium against the design-basis threats.

E.4.2 Material Control and Accounting System Description

The CRBRP MOX fuel rod fabrication would consist of a multistep process of pre-
paring mixed-oxide pellets and fabricating them into stainless steel fuel rods.
The feed to the process would be high purity PuO, and U0, powders. The fabrica-
tion of MOX fuel rods would be done in the SAF Line, which would be built in

the FMEF. The SAF Line and the fuel assembly operations in Building 308 would
be operated by the DOE under the MC&A requirements given in DOE Order 5630

(DOE 1979-81). The SAF product rods would be shipped as sealed rods to the

308 Building for assembling into finished fuel assemblies.

Shipments and rece1pts for the SAF Line would be based on measured quantities.
For material of well-known composition transfers within the SAF Line would be
based on weight measurements and item identification. Elemental or isotopic

analyses would be performed on transfers of scrap and waste materials.

Physical inventories would be performed on a bimonthly basis. DOE estimates
that the 1limit of error on a 1-month inventory difference would be about 0.5%
of throughput for a facility of this type, and that the error on the inventory
difference for bimonthly inventories should be a slightly lower percentage of
- throughput. Based on the expected throughput of the fuel fabrication facili-
ties, the 1imit of error on the inventory difference should be no more than
one kilogram per 2-month balance.
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The MC&A system for the SAF Line also would employ a prompt accountability
system. The entire process would be divided into multiple unit-process account-
ability areas (UPAA). Plutonium quantities entering and leaving a UPAA would

be measured, enabling a material balance to be calculated for each UPAA approxi-
mately every 24 hours.

The effectiveness of material control would be further enhanced by the automa-
tion of the SAF Line, which eliminates the need for routine direct handling of
the plutonium. Access to plutonium can be limited to maintenance work and
other nonroutine activities that can be carried out under the surveillance of
authorized material custodians.

A1l significant amounts of plutonium in Building 308 would be in the form of
sealed rods. Bimonthly inventories and daily checks for missing rods would be
performed as required by DOE Order 5630 (DOE 1979-81).

E.4.3 Costs of Fuel Fabrication_Safeguards

The costs of safeguards for fuel fabrication are summed for the FMEF and Build-
ing 308, and include costs for physical security and material control and
accounting for each facility. A summary of DOE-reported costs is shown below.

DOE Costs for Safeguards-Fuel Fabrication
(FMEF and Building 308)
(in millions of $)

Capital Annual

Investment Operating
Physical Security System $2.2 $0.3
Material Control and 1.6 0.9
Accounting
Sécurity Force --(a) 0.8
Total $;Tg $;T6

(a)Information not provided by DOE. However, the staff
believes these costs would be negligible by comparison.

E.4.4 NRC Assessment of Fuel Fabrication Safeguards

The safeguards systems proposed by DOE for the FMEF fuel rod fabrication line
meet the assessment criteria described in Section E.1. The physical security
system would contain features that provide for detection of unauthorized activ-
ities, reasonable deterrence of theft of plutonium, and protection of the facil-
ity against sabotage. The SAF Line's MC&A system using prompt accounting would
contribute to the capability of detecting diversion, and would provide assurance




that diversions have not occurred. Communication of alarm conditions to onsite
and offsite forces would provide reasonable assurance that both plutonium theft
and sabotage can be prevented. Building 308's safeguards system would provide
similar levels of safeguards protection. The proposed safeguards systems at
these facilities would assure that risks from the design basis threats would

be no greater than those at other currently operating U.S. nuclear facilities
handling significant quantities of SNM,

The costs of fuel fabrication safeguards reported by DOE appear to be realistic,
and represent a small fraction of the total projected costs of the facilities.

E.5. DOE SAFEGUARDS SYSTEM FOR CRBRP

E.5.1 Physical Security System Description

The CRBRP would be a U.S. government facility constructed, licensed, and oper-
ated in accordance with NRC regulations. The applicable regulations for physi-
cal security are found in 10 CFR 11, 25, 50, 73, and 95. The CRBRP's design
features and physical security measures would be developed to meet the perfor-
mance objectives and requirements as stated in the 10 CFR 73.20 and 73.55, thus
providing protection against both the sabotage and theft design basis threats.
According to the CRBRP Preliminary Safety Analyses Report (PSAR) (PMC 1975) the
physical security system for the CRBRP would:

control entry to the CRBRP and specific areas within the plant,
deter penetration of facility barriers by unauthorized persons,
detect penetrations should they occur, and

apprehend in a timely manner all persons (including insiders)
attempting acts which constitute a threat to the plant.

o0 0o

The CRBRP PSAR lists design features that are considered necessary to accom-
plish the above. These include perimeter security barriers identifying a Pro-
tected Area boundary equipped with an intrusion detection system, an isolation
zone between perimeter barriers void of all structures and vegetation to facil-
itate intrusion alarm assessment, and adequate perimeter and building lighting
to permit visual surveillance and closed-circuit television alarm assessment.
There would also be strict access control at the CRBRP, which would be accom-
plished by an access control facility at the Protected Area perimeter contain-
ing security personnel and equipment to search persons and vehicles for contra-
band, a minimum number of exterior plant doors with access to security-hardened
.vital areas and an intrusion detection system for portals used to gain access
to vital areas. Personnel access to vital equipment and material access areas
would be controlled by an electronic system in accordance with Tevels of autho-
rization. Intrusion detection devices and access control equipment would annun-
ciate in central alarm stations and redundantly in a secondary alarm station.
A1l alarm equipment and transmission lines would be failure- and tamper-
indicating. The security force would provide for routine surveillance, access
control, alarm response, situation evaluation and threat neutralization. There
would also be a communication system between security officers and the central
alarm station and the secondary alarm station with redundant communication links
between these stations and local law enforcement agencies.
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The CRBRP Physical Security Plan and the Safeguards Contingency Plan, which
describe measures that would be used to minimize the potential for sabotage
and to protect against theft or diversion, are to be provided later in the
licensing process and will be reviewed in detail by the NRC staff. The Secur-
ity Personnel Training and Qualification Plan following the criteria in 10 CFR
73 Appendix B will also be provided.

E.5.2 Material Control and Accounting System Description

The MC&A system for the proposed CRBRP will meet NRC requirements as described
in 10 CFR 70. The material accounting will be based entirely on item control.
Records showing receipts, internal transfers, and shipments will be maintained
for inventory purposes. A1l movements of fuel would be monitored and the com-
puterized inventory record would show the location of all fuel assemblies.

Material control would be enhanced by the design of the facility. There would
be only a limited number of storage locations for fresh and spent fuel assem-
blies. After visual inspection upon receipt, the fresh assemblies would be
placed in a secure location such as the sodium-filled fuel handling system or
the reactor core until irradiation is completed. Then they would be loaded
into shielded shipping casks for transport to the reprocessing facility-after
an appropriate cooling time.

E.5.3 Cost of CRBRP Safeguards

DOE reports the cost of safeguards at the CRBRP as shown below.

DOE Costs of Safeguards - CRBRP
(in millions of $)

Capital Annual
Investment Operating
Physical Security System $3.86 $0.17
Material Control and 0. 0% 0. 0%
Accounting
Security Force 0.05 2.1
Total $3.91 $2.27

*DOE's reported fuel management and handling system would
provide the necessary MC&A data; thus there will be no
incremental cost attributable to safeguards accountability.

" E.5.4 NRC Assessment of CRBRP Safeguards

The safeguards system proposed by DOE for the CRBRP must meet all NRC safe-
guards regulations for operating a nuclear reactor licensed under 10 CFR 50.
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The physical security measures described in the CRBRP PSAR are reasonable for
fulfilling these regulations and include provisions to detect unauthorized
activities and deter theft or sabotage. The material control and accounting
provisions described in the CRBRP PSAR meet the intent of the NRC regulations
in 10 CFR 70.

The costs of safeguards as reported‘by DOE appear to be realistic and they are
a small fraction of the total cost of the CRBRP.

E.6 DOE SAFEGUARD SYSTEM FOR REPROCESSING

~E.6.1 Physical Security System Description

DOE has stated that the most 1ikely alternative for the reprocessing of spent
fuel from the CRBRP would be the Developmental Reprocessing Plant (DRP). Mul-
tiple barriers would be provided at the DRP to exclude unauthorized individuals.
A Protected Area would be defined around the DRP to control personnel, vehicle,
and rail access to the area. The boundary would consist of two chain-1ink fences
topped by barbed wire. A guard station would control all traffic entering and
exiting the Protected Area. The DRP building itself would provide another bar-
rier since it must be substantially constructed to provide a confinement
barrier, radiation shielding, and tornado resistant features (see the DOE ER
for additional DRP design information). A limited number of building entrances
would be provided, each with access controls to assure that only authorized
personnel gain access. Inside the DRP, spent fuel, plutonium processing, and
plutonium storage operations would be contained within material access areas
(MAA). These areas would also be protected with access control features
designed to 1imit personnel to only those necessary to perform authorized
activities. Vital areas containing equipment or materials which protect the
health and safety of the public would be controlled in a manner similar to

that for MAAs. :

Unauthorized penetrations of these barriers would be detectable using multiple
intrusion detection systems. At the Protected Area perimeter, electronic de-
vices would be installed to detect any movement and the perimeter would be suf-
ficiently illuminated that closed-circuit television could be used to assess
any alarm condition. A1l persons, packages, and vehicles entering or leaving
the Protected Area or the process building would be subject to search for con-
traband or plutonium. The DRP building entrances, when not in use, would be
protected by an intrusion detection system, as would the entrances to MAAs and
vital areas. Closed-circuit television, guard force posts and patrols, and
supervisory observation would provide surveillance measures to assure that only
authorized activities are performed. They would also provide alarm assessment
when necessary.

A11 alarms, assessment systems, and response communications would be coordinated
at a central alarm station. Alarm transmission and the computerized alarm moni-
toring system would be tamper- and failure-indicating to prevent tampering and
unauthorized access. Redundant capabilities would exist at a secondary alarm
station should the central alarm station be compromised. Both stations would
have capabilities for redundant, continuous, and rapid communication with

onsite and offsite response forces.
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DOE has stated that the DRP would be protected by a dedicated security force
selected, trained, and equipped in a manner consistent with requirements estab-
lished in 10 CFR Part 73, Appendix B. The size of the force would be sufficient
to impede and neutralize the design basis threats, and contingency plans for
unauthorized acts would be prepared. Response forces would be in communication
with offsite local law enforcement agencies who would assist as necessary.

E.6.2 Material Control and Accounting System Description

For purposes of material accounting, the DRP would be divided into six material
balance areas (MBAs) for which plutonium balances could be performed periodically.
The proposed MBAs are:

spent fuel storage pool

chemical separations area

plutonium nitrate storage area
plutonium nitrate conversion area
plutonium oxide product storage vault
analytical laboratory area

O 00O O0OO0

During equilibrium operations, an annual average of approximately 81 fuel and
axial blanket, 41 inner blanket and 28 radial blanket assemblies would be
received, having a total content of approximately 1000 kg of plutonium. The
assemblies would be accounted for as discrete items. The book inventory value
would be based on reactor calculations. The first measured value would be
available after the assemblies are disassembled and the pellets are dissolved.
The measured value would serve as the input accounting measurement. In addi-
tion, prompt accounting would be used throughout the facility based on contin-
uous monitoring of the uranium and plutonium contents of process streams and
intermediate storage vessels.

The final product of the facility destined for use at the proposed CRBRP would
be packaged Pu0,, and would be measured and temporarily stored in a vault on-
site. Most of this ultimately would be shipped to the Hanford Reservation

for fabrication into fuel assemblies. Any excess would be stored for future
use. Accounting in the vault area would be on an item basis. Substantial pas-
sive material control would be achieved by 1imiting personnel access to any sig-
nificant quantity of plutonium and through the remote operation and maintenance
features of the plant. In addition, the massive shielding and the highly radio-
active nature of solutions of plutonium in the chemical separations area would
present serious obstacles to diversion or theft of plutonium. Active material
control would be applied by use of monitoring systems to detect any unauthor-
ized movement of plutonium from the process or storage. areas.

For a yearly material balance, the accounting system limit of error is stated
to be in the range of 0.7% of throughput for the DRP. This is equivalent to

7 kg of plutonium per year based on an annual CRBRP discharge rate of 1000 kg
of plutonium. For the prompt accounting system, DOE has referenced studies
that indicate that 5-day balances in controlled experiments have shown a Timit
of error of about 2 percent.

E.6.3 Costs of Reprocessing Safeguards

DOE based its safeguards cost estimates for reprocessing on the assumption that
CRBRP spent fuel would utilize only a fraction (approximately 8%) of the DRP
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capacity. Since the DRP is primarily planned for LMFBR near-term reprocessing
applications, and the CRBRP represents the bulk of that work, the staff believes
that the staff's CRBRP fuel cycle review should consider all costs of DRP
safeguards. The total costs of safeguards (not adjusted for the 8% factor) for
the DRP are shown below.

DOE Costs of Safeguards for the DRP
(in millions of $)

Capital Annual
Investment Operating
Physical Security System $35 $ 1.5
Material Control and 15 5.0
Accounting
Security Force --(a) 3.5
Total $50 $10

(a)Information not provided by the DOE. However, the
staff believes these costs would be negligible by
comparison. :

E.6.4 NRC Assessment of Reprocessing Safeguards

The proposed DOE facility design is conceptual in nature; hence the safeguards
system is also conceptual.” However, the concepts and technologies for physical
security systems for this type of facility are sufficiently developed to assure
that the DRP can be effectively protected. Alarm response capabilities are
expected to be incorporated into the safeguards design to deter and prevent
design basis threat acts.

The MC&A system for this facility is expected to be designed to assure that
plutonijum losses or diversion would be detected in a timely manner. To achieve
the accountability measurement capability stated by DOE would require a sophis-
ticated MC&A system with a level of performance not yet demonstrated in a large
reprocessing plant. However, significant progress in MC&A technology has been
made through research and development on reprocessing safeguards. Thus the
staff believes that, in the time frame of design and construction of the DRP,
the safeguards system, as described by the DOE, can meet the assessment cri-
teria. DOE costs of DRP safeguards appear to be realistic and represent only

a small fraction of the total fuel cycle cost.

E.7 DOE SAFEGUARDS SYSTEM FOR WASTE MANAGEMENT

E.7.1 Safeguards Description

Based on level of radioactivity or concentration of SNM, there are two types of
radioactive waste generated by the CRBR fuel cycle that may require safeguards.
These are (1) high-level waste (HLW), and (2) transuranic (TRU) waste.
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The HLW generated by reprocessing spent fuel is to be fixed in a solid matrix
and packaged in cylinders for disposal at a Federal repository. A physical
security program would be incorporated at the site. This program would include
access control, means of detecting unauthorized activities, and a response pro-
gram to resolve abnormal situations.

TRU wastes generated at the reprocessing and fuel fabrication facilities are to
be stored according to existing storage policies and procedures at an existing
TRU waste storage site located on the DOE Hanford Reservation until disposal at
a Federal repository. The site is isolated and protected from public access,
with surveillance maintained by the Hanford Patrol.

E.7.2 NRC Assessment of Safeguards Measures

Protection of the waste generated by the CRBRP fuel cycle would be commensurate
with the small amount and low concentration of plutonium involved and the gen-
erally Tow attractiveness of the material as a possible target for sabotage.
The protection afforded by interim storage facilities and Federal repository
disposal will provide additional assurance that sabotage attempts would not be
successful. Attempted theft of stored waste materials is considered improbable
due to inaccessibility, high radiation levels, and low concentrations of pluto-
nium involved.

The amount of HLW and TRU waste generated by the CRBRP fuel cycie would be small
compared to the total volume of similar waste generated by the nuclear industry.
Thus any costs associated with the safeguards for CRBR fuel cycle wastes would
be expected to be small by comparison with overall waste safeguards costs for
the nuclear power industry.

E.8 TRANSPORTATION SAFEGUARDS

E.8.1 Shipment by Truck

The operation of the CRBRP fuel cycle would require the transportation of radio-
active material, including plutonium powders, fresh fuel and radioactive wastes.
The DOE Order 5632.2 (DOE 1979) requires that all shipments of two or more kilo-
grams of separated plutonium be made in Safe Secure Transport (SST) vehicles
except for movement of materials between Protected Areas on the same DOE site.
These DOE onsite movements may be made by SST or other security-approved conven-
tional vehicle escorted by armed security personnel in a vehicle equipped with

a two-way radio. Such onsite transportation links for the CRBRP fuel cycle would
include movements between the conversion facility (PUREX-200 East Area) and fuel
rod fabrication (FMEF-400 Area) for Pu0, powder, the rod fabrication (FMEF-400
Area) and fuel assembly (Building 308-300 Area) for sealed fuel rods, and the
rod fabrication {FMEF) and the waste storage area (Hanford Reservation) for
transuranic wastes (TRU).

The SST is equipped with active and passive barriers to protect against theft
and sabotage attempts. Trained, equipped, and armed drivers and escorts are
provided with a radio communication link to a dispatcher and local law enforce-
ment agencies. Offsite SST plutonium movements would include plutonium from

E-14




the DOE storage facilities to the conversion plant, CRBRP fuel assemblies to
the CRBRP, and plutonium oxide from the reprocessing facility to the FMEF.
Truck shipments of plutonium materials are summarized in Table E.1.

E.8.2 Shipments by Rail

DOE has stated that rail shipments of spent CRBRP fuel and high-level waste
(HLW) would be in containers that are designed in accordance with Department
of Transportation and NRC regulations. Such transportation activities would
include spent fuel shipments from the CRBRP to the reprocessing plant, HLW
shipments from the reprocessing plant to a waste storage facility, and HLW
shipments from a waste storage facility to a Federal geologic repository.

Spent fuel assemblies and HLW are both thermally hot and highly radioactive,

and would be transported and protected in large casks weighing many tons. The
casks will be designed for transport on 100-ton capacity flatcars and afford
considerable protection against sabotage acts. Escorts would maintain contin-
uous surveillance of the casks and would be provided with communication capabil-
ity to local law enforcement agencies in case of emergencies. Rail shipments
are summarized in Table E.1.

E.8.3 Costs of Transportation Safeguards

The transportation costs attributable to safeguards can be fairly easily sepa-
rated from general transportation costs. The special shipping containers that
contain irradiated materials or wastes are considered fuel cycle costs since
they are required due to radiological protection needs. Escorts that accompany
the shipments and the necessary.communications represent the major transporta-
tion safeguards costs. Transportation of spent fuel and spenﬂ blanket assem-
blies will have two escorts and a communication network. The cost per escort
is expected to be $50,000 per year.

DOE has indicated that the SST system, which would be used for highway ship-
ments of fresh materials containing plutonium, is principally intended to pro-
vide protection from theft or diversion. Thus, it is considered a part of
safeguards costs. Based on DOE information, the system has sufficient addi-
tional -availability and communication capabilities to accommodate CRBRP trans-
portation requirements. Operating costs for the SST are reported to be $18,000
per 4000 km (2500-mile) shipment.

Two areas not addressed by DOE that may have a minor effect on transportation
safeguards costs are movements of material between facilities on the Hanford
Reservation and shipments of HLW from the reprocessing facility to the storage
facility. Escorting material on the Hanford Reservation may result in the
hiring of an extra guard at an annual cost of about $50,000. DOE states that
HLW would be transported in a similar fashion to spent fuel, which implies that
escorts may be used. The annual cost of escorting HLW would be $21,000, based
on the ratio of the number of shipments of spent fuel to HLW. Estimated annual
costs of transportation safeguards are summarized in Table E.1.
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Table E.1 CRBRP plutonium transportation links and safeguards costs

Shipments  Safeguards
Transportation Link Plutonium Form Transport Mode per Year Costs
DOE Storage to Pu Conversionl Storage form SST NAZ2 NA
Pu Conversion to Rod Fabricationl PuO, powder SST or Escort NA $ 50,000
Rod Fabrication to Fuel Assembly MOX pellets in sealed rods SST or Escort 14}
Fuel Assembly to CRBRP MOX Fuel assemblies SST 14 252,000
CRBRP to Reprocessing Spent Fuel assemblies Casks-Rail 14 100,000
Spent Blanket assemblies Casks-Rail 12 100,000

Reprocessing to Rod Fabrication Pu0, powder SST 14 252,000
Rod Fabrication to Waste Storage TRU waste Truck 5 NA
Reprocessing to Waste Storage TRU & Metal Scrap Truck ~24 NA
Reprocessing to Waste Storage HLW in matrix in canisters Casks-Rail 3 21,000

TOTAL $775,000

1These 1inks exist only for the 5-year demonstration period.

2pata not available.




E.8.4 NRC Assessment of Transportation Safeguards

The transportation safeguards systems proposed by DOE meet the general assess-
ment criteria described in Section E.1. Use of the SST system for highway
shipments of separated plutonium would provide reasonable protection against
theft and sabotage, as there would be armed escorts, and the vehicle would be
equipped with immobilization features. Unauthorized access to the vehicle
would be prevented by following strict loading procedures at the facility,
providing carefully selected, specially trained, equipped, and armed couriers
and drivers, and including active and passive barriers to protect the cargo.
Timely response to theft or diversion and sabotage attempts would be provided
by constant communication through a central dispatcher (with a redundant system
available), and cooperative efforts of local law enforcement and other Federal
agencies.

For the cases where the SST system would not be utilized (transfers around the
Hanford Reservation and rail shipments for spent fuel and blanket assemblies
and HLW), security-approved vehicles with communications and escorts would be
used. The rail casks would be massive enough to provide radiological protec-
tion, and would also provide substantial theft and sabotage protection. Armed
escorts would provide a further level of assurance, as would the communications
system which would permit timely local law enforcement agency response to
emergencies. ”

The costs estimated by DOE for transportation safeguards appear to be realistic
and do not represent a major contribution to the CRBRP fuel cycle costs.

‘E.9 ENVIRONMENTAL IMPACTS OF SAFEGUARDING NORMAL OPERATIONS OF THE CRBRP
FUEL CYCLE

The staff believes that the environmental impact of the safeguards measures
necessary to minimize the risk of a successful act of theft or sabotage will
be negligible. The safeguards systems that DOE proposes to employ for the
CRBRP fuel cycle would involve minimal construction beyond that required for
the operation of the fuel cycle facilities themselves. No new construction
will be required for transportation safeguards. The number of operating per-
sonnel required for safeguards and the amount of equipment required for their
support would be small compared to the overall personnel and equipment require-
ments of the CRBRP fuel cycle. The operation of the safeguards systems would
not impact the environment beyond the immediate vicinity of the fuel cycle
activities.
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APPENDIX F
LETTER FROM ERDA RE IN LIEU OF TAX PAYMENTS

No changes have been made to this Appendix.
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LETTER FROM ERDA RE NEED FOR
SOCIOECONOMIC MONITORING PROGRAM

No changes have been made to this Appendix.




APPENDIX H

DRAFT NPDES PERMIT




PERMIT NO. TNOO28801

N0 814,
\} "

$

; M2 3
g M § UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
%’«m“"‘g REGION IV

345 COURTLAND STREET
ATLANTA, GEORGIA 30368

AUTHORIZATICN TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Clean Water Act, as amended,
(33 U.S8.C. 1251 et. seq; the "ACT"),

U. S. Department of Energy

Clinch River Breeder Reactor Plant Project Office
P.O. Box U '

Oak Ridge, Tennessee 37830

DRAFT

0CT 2 9 1982

is authorized to discharge from a facility located at

Clinch River Breeder Reactor Plant

near Oak Ridge, T essee NOTE: CHANGES TO THE 6/24/82

DRAFT ARE NOTED BY A BAR IN
THE RIGHT MARGIN. OSN Ol2 HAS
BEEN ADDED TO ATTACHMENTS B
AND C. ATTACHMENTS D AND E

to receiving waters named
ARE NEW.

Clinch River

in accordance with effluent limitations, monitoring requirements and other
conditions set forth in Parts I, 1I, and III hereof. The permit consists of

this cover sheet, Part I 11 page(s), Part II 12 page(s) Part III

5 page(s), and Attachments 5 . : .

This permit shall become effective on

This permit and the authorization to discharge shall expire at midnight,

Date Signed Paul J. Traina
Director -
Water Management Division
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Permit No. TNO028801
EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 0CT 2 9 1982
During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge fram outfall(s) serial number(s) 001 - Cammon Plant Discharge (includes Sewage Treatment Unit
effluents during construction and all plant wastes during operation).

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent characteristic Discharge Limitations - Monitoring Requirements
Measurement Sample

Daily Avg Daily Max Frequency Type

Flow - m3/Day (MGD) N/A N/A : Daily Calculation

Temperature See Part III.D. 1/ See Part III.D.

Additional Monitoring See Part III.C. 2/ 24-hour camposite

Total Copper (mg/1) - 3/ 2/ 24-hour camposite

Total Copper (mg/l) - 3/, 4/ Z/ 24-hour camposite

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in caompliance with the monitoring requirements specified above shall be taken at the following
location(s): plant discharge prior to entry into the Clinch.River except that total copper shall also be
monitored at the edge of the mixing zone. Monitoring shall not be applicable until start of discharges other
than OSN 002.

1/ The receiving water shall not exceed (1) a maximm water temperature change of 3C'(5.4F') relative to an
upstream control point, (2) a maximum temperature of 30.5'C (86.9'F), and (3) a maximm rate of change
of 2C' (3.6F') per hour as measured at a depth of five feet or mid-depth which ever is less, outside of a
mixing zone as defined in Part III.D.

2/ starting six months after commercial operation date, frequency shall be two per month for the first 12

months and once per month thereafter.

3, / ‘Limitation to be provided 1f necessary to comply with Tennessee Water Quality Standards requirements after
submission of data and report required by Parts III.P, Q and/or R.

4/ Limitation applicable at the edge of the approved mixing zone (see Part III.D.)
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gcT 29 198 Permit No. TNO028801

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS
During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 002 1/ - Sewage Treatment Unit effluents to OSN 001 during
construction and operation.

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent characteristic Discharge Limitations Monitoring Requirements
. Other Units
(mg/1 except as noted) Measurement Sample
, Frequency Type
Daily Awverage Daily Maximum

Flow - m3/Day (MGD) N/A 2/ 5/week Recorder
BODs 30 60* 3/week Grab
Total Suspended Solids 30 60* 3/week Grab
Settleable Solids (ml/1) 1.0 1.0 5/week Grab
Dissolved Oxygen See Below 5/week Grab
Chlorine Residual N/A N/A* 5/week Grab
Fecal Coliform 3/ (organisms/100 ml) N/A* N/A* 3/week Grab

Effluent shall contain a minimum of 1.0 mg/l of dissolved oxygen at all times.

NOTE: Additional units may be added (or subtracted) provided that each individual unit does not exceed the abowe
limitations or its individual design flow. A process modification may be made during the construction
phase to the existing system to allow increased flow; howewer, all other discharge limitations shall
apply. In either case, proper application must be made to EPA and the State of Tennessee prior to
institution of any changes. .

There shall be not discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): Individual Sewage Treatment Unit effluents prior to mixing with any other waste stream.

1/ Internal serial number for identification and monitoring purposes.
2/ Flow shall not exceed 49 (0.013) for the smaller unit nor 197 (0.052) for the larger unit.
3/ Geometric Mean

* See attachment D for more stringent requirements. ' .
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EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 0CT 29 1982

During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 003 through 008 - Point scurce runoff from areas of construction and
yard drainage to unnamed ditches to the Clinch River. (003, 004 and 006 may also receive dewatering wastes
and/or other =mall sources and 007 may also receive overflow from the Concrete Wash Settling Pond and the
Aggregate Washing Settling Pond during abnormal rainfall pericds.)

Such discharges shall be limited and monitored by the permittee as specified below:

Ef fluent characteristic Discharge Limitations Monitoring Requirements
Instantanecus Maximm Measurement Sample
Frequency Type
Flow - m3/Day (MGD) N/A 1/week 1/ Grab
Total Suspended Solids (mg/1) 2/ 1/week 1/, 3/ Grab
Oil and Grease (mg/1) 5/ 55/ 1/week 1/, 5/ Grab 5/
Detention Volune See Below 1/six months Calculation(s)

The runoff treatment ponds shall be capable of processing the 10-year, 24-hour rainfall event plus all
accumulated silt without overflow of the standpipe. Not less than once per six months for the first year,
permittee shall ascertain that available settling volume meets this requirement and shall report this finding
vhen suomitting Discharge Monitoring Reports. Frequency during subsequent years shall be determined based on
assessment of the information for the first year.

Permittee shall maintain or obtain records of rainfall representative of site conditions. All periods of
rainfall which exceed the 10-year, 24-hour event or cause discharge from any overflow shall be reported to ER.

The drain value on 008 (Quarry Pond) shall be locked at all times with the key placed only in the custody of
the Senior Construction Site Representative and/or his supervisors and shall not be provided to his
subordinates. 1In the event that this valve must be opened for maintenance purposes, all resonable precautions
shall be taken to minimize any silt released to the Clinch River. Monitoring shall be 2/day by grab sample
with analyses to include TSS, pH and flow.

NOTE: No direct discharge fram temporary ponds Tl, T2, or T3 is permitted by this Authorization to Discharge
(Discharge to OSN 003 through 007 is permitted.). Any direct discharge to waters of the U.S. shall be reported
in accordance with requirements of Part II.A.3.b, except that reporting shall be within five days. Monitoring
shall be 2/day by grab sample with analyses to include TSS, pH and flow.

CONTINUED
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0CT 2 9 1982 Permit No. TNOO28801
EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 003 through 008 - Point source runoff from areas of construction and
yard drainage to unnamed ditches to the Clinch River. (003, 004 and 006 may also receive dewatering wastes
and/or other small sources and 007 may also receive owerflow from the Concrete Wash Settling Pond and the
Aggregate Washing Settling Pond during abnormal rainfall periods.) Continued

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be monitored
1/week 1/, 4/.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): points of discharge from treatment ponds A, B, C, D, E and the quarry pond, respectiwely, prior
to mixing with any other waste stream 3/.

1/ sampling and inspection of the filter and water lewel shall be conducted at least two times per week
during periods when the water lewel is within 36 inches of the top of the owverflow pipe. All periods of
overflow shall be reported and representative samples collected and analyzed, with the first sample
collected within 12 hours of start of overflow.

2/ In the event that effluent concentration exceeds 50 mg/l, permittee shall evaluate system performance to
assure that the system is operating as designed and that on-site controls are effective. Permittee shall
take appropriate correctiwe action as required.

3/ All periods of discharge from the Concrete Wash and Aggregate Washing Settling Ponds to OSN 007 shall be

reported and monitored 1/day for total suspended solids, total dissolved solids and pH on grab samples at
the individual Settling Pond discharge points.

4/ Applicable to any flow up to the flow resulting from a 24-hour rainfall event with a probable recurrence
interval of once in ten years.

5/ Applicable to OSN 003 only.
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EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 009 1/ - Waste Water Treatment System effluent to OSN 00l or to the
cooling tower system as make-up.

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent characteristic Discharge Limitations Monitoring Requirements
kg/day (lbs/day) ' Other Units (mg/l)
Measurement Sample
Daily Awg Daily Max Daily Awg Daily Max Frequency Type
Flow — m3/Day (MGD) - - N/A N/A Continuous Recorder
Total Suspended Solids 20(45) 68(150) 30 100 1/week Grab
0il and Grease 10(23) 14(30) 15 20 1/week Grab

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be monitored
1/week on a grab sample.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): Waste Water Treatment System effluent prior to mixing with any other waste stream.

1/ Internal serial number for identification and monitoring purposes.
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During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 010 1/ - Liquid Radwaste effluent to OSN 00l.

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent characteristic Discharge Limitations Monitoring Requirements
kg/day (lbs/day) (mg/1)
(except as noted)
_ Measurement Sample
Daily Awg Daily Max Daily Awg Daily Max Frequency Type

Flow - m3/Day (MGD) - - N/A N/A 1/batch Calculation
Total Suspended Solids 0.05(0.11) 0.27(0.60) 15 20 1/batch Grab l
0il and Grease 0.05(0.11) 0.27(0.60) 15 20 1/batch Grab

NOTE: The radiocactive camponent of this discharge is regulated by the U.S. Nuclear Regulatory Commission under
the requirements of the Atomic Energy Act and not by the U.S.E.P.A. under the Clean Water Act

L-H

The pH shall not be less than 6.0 standard units nor greater than 2.0 standard units and shall be monitored
1/batch.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): discharge from the radwaste treatment system prior to mixing with any other waste stream.

1/ Intemal serial number for identification and monitoring purposes.
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Permit No. TNO028801
EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 0CT 29 1982

During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 01l 1/ - Cooling Tower Blowdown to OSN OOl.

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent characteristic Discharge Limitations Monitoring Requirements
Measurement Sample
Daily Awg Daily Max Inst Max Frequency Type
Flow - m3/Day (MGD) N/A N/A - Continuous Recorder/Totalizer o
Total Residual Chlorine - mg/l - - 0.14 Continuous Recorder
Total Residual Chlorine — mg/l - - 0.14 1/week Multiple Grabs
Temperature — °C(°F) ' - 32.8(91) - Continuous Recorder

Discharge of blowdown from the cooling system shall be limited to the minimum discharge of recirculating water
necessary for the purpose of discharging materials contained in the process, the further build-up of which would
cause concentrations or amounts exceeding limits established by best engineering practice. A report showing how
conformance with this requirement will be met, including operational procedures, shall be submitted during the
system design stage. Additionally, annual reports shall be submitted along with the first quarterly monitoring
report submitted after January 1 of each year. Discharge temperature shall not exceed the lowest temperature of
the recirculating cooling water prior to the addition of make-up.

There shall be no discharge of detectable amounts of materials added for corrosion inhibition (including but not
limited to zinc, chromium or phosphorus) or any chemicals added which contain any of the 129 priority pollutants.

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be monitored by
continuous recorder.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): discharge from the cooling towers prior to mixing with any other waste stream.-

1/ Intermal serial number for identification and monitoring purposes.
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During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 012 1/ - Pre-operational and other metal cleaning wastes to OSN 003.

EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent characteristic Discharge Limitations Monitoring Requirements
kg/batch(1bs/batch) Other Units (mg/l1)
Measurement Sample

Daily Awg Daily Max Frequency Type
Flow - m3/Day (MGD) 2/ N/A : N/A 1/day Determination(s)
0il and Grease 2/ 15 20 2/ Grab
Total Suspended Solids 2/ 30 100 2/ Composite
Copper, Total } 2/ 1.0 1.0 2/ Composite
Iran, Total 2/ 1.0 1.0 -2/ Composite
Phosphorus as P 3/ 2/ 1.0 1.0 2/ Camposite
Chemical Oxygen Demand 4/ 2/ N/A 100 2/ Composite

Metal cleaning wastes shall mean any cleaning compounds, rinse waters, or any other waterborne residues derived
from cleaning any metal process equipment.

Permittee shall notify EPA and the State of any chemicals proposed for use in metal cleaning operations which
have not been previously reported and shall indicate the lewels of organics, phosphorous and priority pollutants
expected in the discharge from OSN 012. Such notification shall be not less than 90 days prior to use.

Additional limitations and/or monitoring may be required after notifiction.

In the event that any metal cleaning wastes are disposed of either on site or off site, disposal shall be in an
environmentally acceptable manner. Details of such disposal shall be submitted to EPA and the State not later

than 90 days prior to any such disposal.

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be monitored on
representative grab samples.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in conpliance with the monitoring requirements specified above shall be taken at the following
location(s): discharge from the metal cleaning wastes treatment facility prior to mixing with any other waste
stream.
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EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 0CT 2 9 1982

During the period beginning on start of discharge and lasting through expiration the permittee is authorized to
discharge from outfall(s) serial number(s) 012 1/ - Pre-operational and other metal cleaning wastes to OSN 003.

Continued

1/ Internal serial number for identification and monitoring purposes.

Z/ The total quantity of each pollutant discharged shall be reported. In no case shall the quantity
discharged exceed the quantity determined by multiplying the wolume of the batch of metal cleaning waste
generated times the concentrations noted above (i.e., 3.8 kg (8.3 1lbs) of iron, copper and phosphorus; 57
kg (125 1bs) of oil and grease; and 114 kg (250 1lbs) of total suspended solids per million gallons of metal
cleaning waste generated). The permittee shall also report the frequency of measurement used to adequately
quantify the pollutants discharged. Total wolume of wastewater generated and discharged shall be reported.

3/ Applicable to preoperational cleaning wastes and other metal cleaning wastes with high initial

B concentrations of phosphorus.

4/ BApplicable to any cleaning operation containing organic acids, chelating compounds or other compounds with

high oxygen demand.
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During the period beginning on start of intake operation and lastipg, through expiration the permittee shall
monitor serial number(s) 013 1/ - Plant Intake.

EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

Characteristic ' Limitations Monitoring Requirements
Measurement Sample
Daily Average Daily Maximum Frequency Type
Flow - m3/Day (MGD) N/A N/A Cont inuous Pump logs
Temperature N/A N/A Continuous Recorder

Additional Monitoring See Part III.C. 2/ 24-hour Composite

Discharge of intake backwash is permitted without limitation or monitoring requirements.
Samples taken in compliance with the monitoring requirements specified abowve shall be taken at the following

location(s): Plant intake

1/  Serial number assigned for identification and monitoring purposes.
2/ starting six months after commercial operation date, frequency shall be two per month for the first 12
months and once per month thereafter.
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1.

The permittee shall achieve campliance with the effluent limitations
specified for discharges in accordance with the following schedule:

a. Compliance with effluent limitations (001-012) - on start of
discharge.
b. Blowdown reports (011)
(1) Initial report ~ during system design stage
(2) Operating reports - annually with first DMR of each year.
¢. Metal cleaning waste disposal report (012) - suwmit 90 days
prior to any off site disposal.
d. Discharge plune verification (Part III.D.) - submit report by 15
months after cammercial operation date.
e. Flow evaluation (Part III.E.) - submit report by 15 months after
camrercial operation date.
f. Chlorine minimization (Part III.F.) - submit reports quarterly
with IMR's.
g. Priority pollutant data (Part III.G.) - submit data by 12 months
after camnercial operation date.
h. Erosion and sedimentation control program (Part III.J.)
(1) Implement — on start of construction.
(2) Reports -
(a) First year - semiannually with first report due on the
28th day of the 8th month after start of construction.
(b) After first year - annually '
i. Striped bass thermal assessment (Part III.M.)
(1) Submit report(s) and obtain EPA approval prior to
start of discharge construction.
3 Preoperational non-radiological monitoring program (Part III.N.)
(1) study plan - submit by six months before implementation
(2) Implement — by two years before scheduled fuel loading
(3) Reports =~ anmally with first report submitted 15 months
after inplementation.
k. Operational non-radiological monitoring program (Part III.O.)
(1) Study plan - submit by six months before implementation
(2) Implement - on start of operation
(3) Reports ~ annually with first report submitted 15 months
after implemventation
1. Copper monitoring (Part III.P.)
a. Start program - November, 1982
b. Final report - January 31, 1984
m. Water Quality Standards Campliance (Part III.Q.) - Report
January 31, 1984.
n. Toxicity Screening (Part III.R.)
a. Submit plan - 90 days prior to cammercial operation.
b. Implament — Subsequent to cammercial operation date.

No later than 14 calendar days following a date identified in the
above schedule of compliance, the permittee shall submit either a
report of progress or, in the case of specific actions being required
by identified dates, a written notice of campliance or
noncampliance. In the latter case, the notice shall include the
cause of noncompliance, any remedial actions taken, and the
probability of meeting the next scheduled requirement.
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A. MANAGEMENT REQUIREMENTS
1. Discharge Violations

All discharges authorized herein shall be consistent with the terms
and conditions of this permit. The discharge of any pollutant more
frequently than, or at a level in excess of, that identified and
authorized by this permit constitutes a violation of the terms and
conditions of this permit. Such a violation may result in the
imposition of civil and/or criminal penalties as provided in Secticn
309 of the Act.

2, Change in Discharge

Any anticipated facility expansions, production increases, or process
modifications which will result in new, different, or increased
discharges of pollutants must be reported by submission of a new
NPDES application at least 180 days prior to commencement of such
discharge. Any other activity which would constitute cause for
modification or revocation and reissuance of this permit, as
described in Part II (B) (4) of this permit, shall be reported to the
Permit Issuing Authority.

3. Noncompliance Notification

a. Instances of noncompliance involving toxic or hazardous pollutants
should be reported as outlined in Condition 3¢. All other instances
of noncompliance should be reported as described in Condition 3b.

b. If for any reason, the permittee does not comply with or will be
unable to comply with any discharge limitation specified in the
permit, the permittee shall provide the Permit Issuing Authority
with the following information at the time when the next Discharge
Monitoring Report is submitted.

(1) A description of the discharge and cause of noncompliance;

(2) The period of noncompliance, including exact dates and times
and/or anticipated time when the discharge will return to
compliance; and

(3) sSteps taken to reduce, eliminate, and prevent recurrence of
the noncomplying discharge.
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¢. Toxic or hazardous discharges as defined below shall be reported
by telephone within 24 hours after permittee becomes aware of the
circumstances and followed up with information in writing as
set forth in Condition 3b. within 5 days, unless this requirement
is otherwise waived by the Permit Issuing Authority:

(1) Noncomplying discharges subject to any applicable toxic
pollutant effluent standard under Section 307(a) of the Act;

(2) Discharges which could constitute a threat to human hezlth,
welfare or the envircnment. These include unusual or extra-
ordinary discharges such as those which could result from
bypasses, treatment failure or objectionatle substances
passing through the treatment plant. These include Section
311 pollutants or pollutants which could cause & threat to
public drinking water supplies.

d. Nothing in this permit shall be construed to relieve the permittes
from civil or criminal penalties for noncompliance.

4, Facilities Operation

All waste collection and treatment facilities shall be operated in
a8 manner consistent with the fcllowing:

a. The facilities shall at all times be maintained in & good
working order and operated as efficiently as possible. This
includes but is not limited to effective performance based on
design facility removals, adequate funding, effective management,
adequate operator staffing and training, and adequate laboratory
and process controls (including appropriate quality assurance
procedures); and

b. Any maintenance of facilities, which might necessitate unavoidabdble
interruption of operation and degradation of effluent quality,
shall be scheduled during noncritical water quality periods and
carried out in a manner approved by the Permit Issuing Authority.

¢. The permittee, in order to maintain compliance with this permit
shall control production and all discharges upon reduction, loss,
or failure of the treatment facility until the facility is
restored or an alternative method of treatment is provided.

5. Adverse Impact

The permittee shall take all reasonable steps to minimize any
adverse impact to waters of the United States resulting from
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noncompliance with any effluent limitations specified in this
permit, including such accelerated or additional monitoring as
necessary to determine the nature of the noncomplying discharge.

Bypassing

"Bypassing" means the intentional diversion of untreated or partially
treated wastes to waters of the United States from any portion of a
treatment facility. Bypassing of wastewaters is prohibited unless
all of the following conditions are met:

a. The bypass is unavoidable-i.e. required to prevent loss of 1ife,.
personal injury or severe property damage;

b. There are no feasible alternatives such as use of auxiliary
treatment facilities, retention of untreated wastes, or
maintenance during normal periods of equipment down time;

c. The permittee reports (via telephone) to the Permit Issuing
Authority any unanticipated bypass within 24 hours after
becoming aware of it and follows up with written notification
in 5 days. Where the necessity of a bypass is known (or should
be known) in advance, prior notification shall be submitted to
the Permit Issuing Authority for approval at least 10 days
beforehand, if possible. All written notifications shall contain
information as required in Part II (A)(3)(b); and

d. The bypass is allowed under conditions determined to be necessary
by the Permit Issuing Authority to minimize any adverse effects.
The public shall be notified and given an opportunity to comment
on bypass incidents of significant duration to the extent
feasible.

This requirement is waived where infiltration/inflow analyses are
scheduled to be performed as part of an Environmental Protection
Agency facilities planning project.

Removed Substances
Solids, sludges, filter backwash, or other pollutants removed in
the course of treatment or control of wastewaters shall be disposed

of in a manner such as to prevent any pollutant from such materials
from entering waters of the United States.
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Power Failures

The permittee is responsible for maintaining adequate safeguards to
prevent the discharge of untreated or inadequately treated wastes
during electrical power failures either by means of alternate power
sources, standby generators or retention of inadequately treated
effluent. Should the treatment works not include the above
capabilities at time of permit issuance, the permittee must furnish
within six months to the Permit Issuing Authority, for approval, an
implementation schedule for their installation, or documentation
demonstrating that such measures are not necessary to prevent discharge
of untreated or inadequately treated wastes. Such documentation

shall include frequency and duration of power failures and an estimate
of retention capacity of untreated effluent.

Onshore or Offshore Construction
This permit does not authorize or approve the construction of any

onshore or offshore physical structures or facilities or the
undertaking of any work in any waters of the United States.

B. RESPONSIBILITIES

1..

Right of Entry

The permittee shall allow the Permit Issuing Authority and/or
authorized representatives (upon presentation of credentials and
such other documents as may be required by law) to:

a. Enter upon the permittee's premises where an effluent source
is located or in which any records are required to be kept under
the terms and conditions of this permit;

b. Have access to and copy at reasonable times any records required
to be kept under the terms and conditions of this permit;

c. Inspect at reasonable times any monitoring equipment or
monitoring method required in this permit;

d. 1Inspect at reasonable times any collection, treatment, pollution
management or discharge facilities required under the permit; or

e. Sample at reasonable times any discharge of pollutants.
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Transfer of Ownership or Control

A permit may be transferred to another party under the following
conditions:

a. The permittee notifies the Permit Issuing Authority of the
proposed transfer;

b. A written agreement is submitted to the Permit Issuing Authority
containing the specific transfer date and acknowledgement that
the existing permittee is responsible for violations up to that
date and the new permittee liable thereafter.

Transfers are not effective if, within 30 days of receipt of proposal,
the Permit Issuing Authority disagrees and notifies the current

permitttee and the new permittee of the intent to modify, revoke and

reissue, or terminate the permit and to require that a new application
be filed.

Availability of Reports

Except for data determined to be confidential under Section 308

of the Act, (33 U.S.C. 1318) all reports prepared in accordance with
the terms of this permit shall be available for public inspection at
the offices of the State water pollution control agency and the Permit
Issuing Authority. As required by the Act, effluent data shall not

be considered confidential. Knowingly making any false statement on
any such report may result in the imposition of criminal penalties

as provided for in Section 309 of the Act (33 U.S.C.1319).

Permit Modification
After notice and opportunity for a hearing, this permit may be modified,
terminated or revoked for cause (as described in 40 CFR 122.15 et sec)
including, but not limited to, the following:

a. Violation of any terms or conditions of this permit;

b. Obtaining this permit by misrepresentation or failure to
disclose fully all relevant facts;

c. A change in any condition that requires either temporary
interruption or elimination of the permitted discharge; or

d. Information newly acquired by the Agency indicating the
discharge poses a threat to human health or welfare.
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If the permittee believes that any past or planned activity would
be cause for modification or revocation and reissuance under

40 CFR 122.15 et seq, the permittee must repert such information to
the Permit Issuing Authority. The submission of a new application
may be required of the permittee.

Toxic Pollutants

a. Notwithstanding Part II (B)(4) above, if @ xic effluent
standard or prohibition (including any schedule of compliance
specified in such effluent standard or prohibition) is establisted
under Section 307(a) of the Act for a toxic pollutant whict is
present in the discharge authorized herein and such standard
or prohibition is more stringent than any limitation for sucth
pollutant in this permit, this permit shall be revoked and
reissued or modified in accordance with the toxic effluent
standard or prohibition and the permittee so notified.

b. An effluent standard established for a pollutant which is
injurious to human hezlth is effective and enforceable by the
time set forth in the promulgated standard, even though this
permit has not as yet been modified as outlined in Condition 5a.

Civil and Criminal Liability

Except as provided in permit conditions on "Bypassing', Part 1I
(a) (6), nothing in this permit shall be construed to relieve the
permittee from civil or criminal penalties for noncompliance.

0il and Hazardous Substance Liability

Nothing in this permit shall be construed to preclude the
institution of any legal action or relieve the permittee fror
any responsibilities, liabilities, or penalties to which the
permittee is or may be subject under Section 311 of the Act
(33 v.s.c. 1321).

State Laws

Nothing im this permit shall be construed to preclude thte
institution of any legal action or relieve the permittee from

any responsibilities, liabilities, or penalties established
pursuant to any applicable State law or regulation under authority
preserved by Section 510 of the Act.
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9. Property Rights

The issuance of this permit does not convey any property rights in
either real or personal property, or any exclusive privileges, nor
does it authorize any injury to private property or any invasion of
personal rights, nor any infringement of Federal, State, or local
laws or regulations

10. Severability

The provisions of this permit are severable, and if any provision
of this permit, or the application of any provision of this permit
to any circumstance, is held invalid, the application of such
provision to other circumstances, and the remainder of this permit
shall not be affected thereby.

11. Permit Continuation

A new application shall be submitted at least 180 days before the
expiration date of this permit. Where EPA is the Permit Issuing
Authority, the terms and conditions of this permit are automatically
continued in accordance with 40 CFR 122.5, provided that the permittee
has submitted a timely and sufficient application for a renewal permit
and the Permit Issuing Authority is unable through no fault of the
permittee to issue a new permit before the expiration date.

C. MONITORING AND REPORTING
1. Representative Sampling

Samples and measurements taken as required herein shall be
representative of the volume and nature of the monitored discharge.

2. Reporting

Monitoring results obtained during each calendar month shall be
summarized for each month and reported on a Discharge Monitoring
Report Form (EPA No. 3320-1). Forms shall be submitted at the end
of each calendar quarter and shall be postmarked no later than the
28th day of the month following the end of the quarter. The first
report is due by the 28th day of the month following the first full
quarter after the effective date of this permit,

H-19



|
!
|

Part 11

Page I1-8
Signed copies of these, and all other reports required herein, shall
be submitted to the Permit Issuing Authority at the following
address(es):
Water Permits Branch
Environmental Protection Agency
Region 1V
345 Courtland Street, N.E.
Atlanta, Georgia 30365
Test Procedures
Test procedures for the analysis of pollutants shall conform to all
regulations published pursuant to Section 304(h) of the Clean Water
Act, as amended (40 CFR 136, "Guidelines Establishing Test Procedures
for the Analysis of Pollutants").

Recording of Results

For each measurement or sample taken pursuant to the requirements
of this permit, the permittee shall record the following information:

a. The exact place, date, and time of sampling;

b. The person(s) who obtained the samples or measurements;
¢c. The dates the analyses were performed;

d. The person(s) who performed the analyses;

e. The analytical techniques or methods used; and

f. The results of all required analyses.

Additional Monitoring by Permittee

1f the permittee monitors any pollutant at the location(s)
designated herein more frequently than required by this permit,
using approved analytical methods as specified above, the results

of such monitoring shall be included in the calculation and reporting
of the values required in the Discharge Monitoring Report Form

(EPA No. 3320-1). Such increased frequency shall also be indicated.
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Records Retention

The permittee shall maintain records of all monitoring including:
sampling dates and times, sampling methods used, persons obtaining
samples or measurements, analyses dates and times, persons performing
analyses, and results of analyses and measurements. Records shall

be maintained for three years or longer if there is unresolved
litigation or if requested by the Permit Issuing Authority.

D. DEFINITIONS

1.

Permit Issuing Authority
The Regional Administrator of EPA Region IV or designee.
Act

"Act" means the Clean Water Act (formerly referred to as the Federal
Water Pollution Control Act) Public Law 92-500, as amended by Public
Law 95-217 and Public Law 95-576, 33 U.S.C. 1251 et seq.

Mass/Day Measurements

a. The "average monthly discharge" is defined as the total mass of
all daily discharges sampled and/or measured during a calendar
month on which daily discharges are sampled and measured, divided
by the number of daily discharges sampled and/or measured during
such month. It is, therefore, an arithmetic mean found by adding
the weights of the pollutant found each day of the month and then
dividing this sum by the number of days the tests were reported.
This limitation is identified as "Daily Average" or '"Monthly
Average'" in Part 1 of the permit and the average monthly discharge
value is reported in the "Average" column under "Quantity' on
the Discharge Monitoring Report (DMR).

b. The "average weekly discharge' is defined as the total mass of
all daily discharges sampled and/or measured during a calendar
week on which daily discharges are sampled and/or measured
divided by the number of daily discharges sampled and/or measured
during such week. It is, therefore, an arithmetic mean found by
adding the weights of pollutants found each day of the week and
then dividing this sum by the number of days the tests were
reported. This limitation is identified as "Weekly Average' in
Part I of the permit and the average weekly discharge value is
reported in the "Maximum" column under "Quantity' on the DMR.

¢. The "maximum daily discharge" is the tota}l mass (weight) of a

pollutant discharged during a calendar day. If only one
sample is taken during any calendar day the weight of pollutant
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calculated from it is the "maximum daily discharge'. This
limitation is identified as '"Daily Maximum," in Part I of the
permit and the highest such value recorded during the reporting
period is reported in the "Maximum" column under "Quantity"

on the DMR.

4, Concentration Measurements

a.

The "average monthly concentration,' other than for fecail

coliform bacteria, is the concentration of all daily discharges
sampled and/or measured during a calendar month on whichk daily
discharges are sampled and measured divided by the number of

daily discharges sampled and/or measured during such month
(arithmetic mean of the daily concentration values). The dailr
concentration value is equal to the concentration of a composite
sample or in the case of grab samples is the arithmetic mean
(weighted by flow value) of all the samples collected during

that calendar day. The average monthly count for fecal coliform
bacteria is the geometric mean of the counts for samples collected
during a calendar month. This limitation is identified as

"Monthly Average' or ''Daily Average' under "Other Limits" in

Part I of the permit and the average monthly concentration value

is reported under the "Average" column under '"Quality" on the DMR.
The "average weekly concentration,' other than for fecal coliforrm
bacteria, is the concentration of all daily discharges sampled
and/or measured during a calendar week on which daily discharges
are sampled and measured divided by the number of daily discharges
sampled and/or measured during such week (arithmetic mean of the

‘daily concentration values). The daily concentration velue is

equal to the concentration of a composite sample or in the case cof
grab samples is the arithmetic mean (weighted by flow value) of
all samples collected during that calendar day. The average
weekly count for fecal coliform bacteria is the geometric mean

of the counts for samples collected during a calendar week. Tnis
limitation is identified as "Weekly Average' under "Other Limite"
in Part I of the permit and the average weekly concentration
value is reported under the "Maximum" column under "Quality' on
the DMR.

The "maximum daily concentration' is the concentration of a
pollutant discharged during a calendar day. It is identifie:
as '"Daily Maximum" under "Other Limits" in Part 1 of the permit
and the highest such value recorded during the reporting period
is reported under the "Maximum'" column under "Quality" on the
DMR.
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Other Measurements

a.

The effluent flow expressed as M3/day (MGCD) is the 24 hour
average flow averaged monthly. It is the arithmetic mean of

the total daily flows recorded during the calendar month.

Where monitoring requirements for flow are specified in Part 1
of the permit the flow rate values are reported in the "Average"
column under "Quantity" on the DMR.

Where monitoring requirements for pH, dissolved oxygen or fecal
coliform are specified in Part I of the permit the values are
generally reported in the "Quality or Concentration' column on
the DMR. ‘

Types of Samples

a.

Composite Sample - A '"composite sample' is any of the following:

(1) Not less than four influent or effluent portions collected
at regular intervals over a period of 8 hours and composited
in proportion to flow.

(2) Not less than four equal volume influent or effluent
portions collected over a period of 8 hours at intervals
proportional to the flow.

(3) An influent or effluent portion collected continuously

over a period of 24 hours at a rate proportional to the flow.

Grab Sample: A 'grab sample'" is a single influent or effluent
portion which is not a composite sample. The sample(s) shall be
collected at the period(s) most representative of the total
discharge.

Calculation of Means

a.

Arithmetic Mean: The arithmetic mean of any set of values is
the summation of the individual values divided by the number
of individual values,

Geometric Mean: The geometric mean of any set of values is the
Nth root of the product of the individual values where N is equal
to the number of individual values. The geometric mean is
equivalent to the antilog of the arithmetic mean of the logarithms
of the individual values. For purposes of calculating the

geometric mean, values of zero (0) shall be considered to be one (1).
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¢. Weighted by Flow Value: Weighted by flow value means the C
summation of each concentration times its respective flow
divided by the summation of the respective flows. P
Calendar Day
a. A calendar day is defined as the period from midnight of one E

day until midnight of the next day. However, for purposes of
this permit, any consecutive 24-hour period that reasonably
represents the calendar day may be used for sampling.
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OTHER REQUIREMENTS

A.

DQ

1f the permittee, after monitoring for a least 18 months, determines that
he is consistently meeting the effluent limits contained herein, the
permittee may request of the Director, Water Management Division that the
monitoring requirements be reduced to a lessor frequency or be eliminated.

There shall be no discharge of polychlorinated biphenyl compounds (PCB's)
such as those commonly used for transformer fluid. The permittee shall
notify EPA of any equipment placed on site which contain PCB's and take
appropriate measures to assure that there is no release of PCB's to the
environment.

Additional monitoring of the main plant discharge (001) and the plant
intake (013) shall be conducted to assure conformance with applicable
water quality standards. Parameters shall include ammonia (as N):
chloride; sulfate; total hardness; total, dissolwed, settleable and
suspended solids; dissolved copper; and total cadmium, chromium, copper,
iron, lead, mercury, nickel and zinc. Data shall be submitted quarterly
with DMR's. After monitoring for at least 12 months, permittee may
request of the Director, Water Management Division that the monitoring
requirements be reduced to a lesser frequency or be eliminated.

Effluent discharge structure for outfall serial number 001 shall be
designed to assure a minimum dilution factor of 14 within 20 meters
(66 feet) from the point of discharge for all plant discharge conditions
at no-flow reservoir conditions. Subsequent to commercial operation date,
field measurements (suplemented as necessary with modeling results) shall
be conducted to assure conformance with this requirement and to determine
three—dimensional configuration(s) of thermal and chemical plumes. A
report showing compliance with the assigned mixing zone shall be submitted
by 15 months after the commercial operation date.

Subsequent to the commercial operation date, the permittee shall conduct a
detailed ewaluation of actual water use and inplant waste discharges to
confirm design flow data. A report of this ewaluation shall cowr a
one-year period after startup and shall be submitted not later than 15
months after the commercial operation date. In the event that flow data

-is significantly different from design data, permit may be modified by the

Director, Water Management Division.

Permittee shall implement a program to minimize the discharge of total
residual chlorine by the start of cooling tower chlorination. Reduction
of makeup and discontinuation of blowdown subsequent to chlorination shall
be specifically evaluated. Reports shall be submitted quarterly with
IMR's after start of chlorination. At such time as permittee determines
that reasonable minimization has been achieved, he may request that this
program be eliminated.
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Not more than 12 months after the commercial operation date, permittee
shall submit representative data as included in 40 CFR Part
122.53(d)(7)(ii), (iii), and (iv). In the event that any pollutant is
present at an unacceptable level, this permit shall be modified, or
alternatively, rewked and reissued, to comply with any applicable
provisions of the Clean Water Act.

In accordance with Section 306(d) of the Clean Water Act (33 USC Section
1251, et seq.) effluent limitations based on standards of performance
contained in this permit shall not be made any more stringent during a
ten-year period beginning on the date of campletion of such construction
or during the period of depreciation or amortization of such facility for
the purposes of Section 167 or 169 (or both) of the Internal Revenue Code
of 1954, whichever period ends first. The provisions of Section 306(d) do
not limit the authority of the Environmental Protection Agency to modify
the permit to require compliance with a toxic effluent 1limitation
promulgated under BAT or toxic pollutant standards established under
Section 307(a) of the Clean Water Act, or to modify, as necessary, to
assure compliance with any applicable state water quality standard. If an
applicable standard or limitation is promulgated under Sections
301(b)(2)(Cc) and (D), 304(b)}(2), and 307(a)(2) and that effluent standard
or limitation is more stringent than any effluent limitation in this
permit or controls a pollutant not limited in this permit, this permit
shall be promptly modified or rewked and reissued to conform to that
effluent standard or limitation.

The permittee shall notity the Director, Water Management Division and the
State Director in writing not later than sixty (60) days prior to
instituting use of any additional biocide or chemical in cooling systems,

. other than chlorine, which may be toxic to aquatic life. Such

notification shall include:

1. name and general composition of biocide or chemical,

2. 96-hour median tolerance limit data for organisms representative of
the biota of the waterway into which the discharge shall occur,

3. quantities to be used,

4. frequencies of use,

5. proposed discharge concentrations, and

6. EPA registration number, if applicable.
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Permittee shall implement the Erosion and Sediment Control Plan as
ammended by revision 2 dated July 28, 1982. The plan shall be implemented
at the commencement of site preparation activities. Consecutive reports
shall be submitted covering periods of six months each during the first
year of construction. During subsequent years of construction, reports
shall be sumitted covering 12 month periods. The reports will be due
within two months of the end of the reporting period with the first report
due by the twenty-eighth day of the eighth month following commencement of
construction.

A 25-foot buffer zone will be provided between the Clinch River and the
site—preparation activities except in the following areas:

1. The railroad spur going underneath Highway 58, Gallaher Bridge at RR
Station 31 + 00 (RM 14.0).

2. The 48-inch corrugated metal pipe for drainage underneath the
railroad spur, RR Station 29 + 39 (RM 14.0).

3. The 36-inch corrugated metal pipe for drainage underneath the
railroad spur, RR Station 50 + 00 (RM 14.25).

4. The extension of the 6-foot concrete culvert> underneath the railrocad
spur and access road, Rd. Station 1 + 84 (RM 14.5).

5. The 1l4-foot corrugated metal pipe underneath the railroad spur and
access road, Ri. Station 5 + 35 (RM 14.6).

6. Road and railroad embankment closer than 25 feet to the Clinch River
between Rd. Station 5 + 35 and Rd. Station 19 + 50.

7. The barge unloading facility (RM 14.75).
8. The water discharge outfall (RM 16.0).
9. The water intake (RM 17.9).

10. The corrugated metal pipe for the quarry treatment pond discharge (RM
18.25).

11. Where existing River Road and appurtenances are presently closer than
25 feet to the Clinch River.
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When treatment ponds (NPDES 003, 004, 006, 007, and 008) are no longer
functionally required, the following steps will be taken:

1. Reestablish natural drainage pattemms, and
2. Restore the area to an acceptable state of natural wegetation.

Permittee shall conduct studies to assure that thermal discharges will
have minimal impact on striped bass (Morone saxatilis) during extended
summer periods of zero flow as described in Section 4.1.2 of the "Update
to the CRBRP Alternative Siting Analysis Within the TVA Power Service
Area” (dated May 28, 1982).

Permittee shall not start construction of the plant discharge structiwve
prior to submittal of reports on these studies (see Part III.P.) and
receiving approval by the Director, Water Management Division to start
such construction. Such studies and reports shall include (1)
Coordination with TVA studies on lethal temperatures for adult and
juvenile striped bass, (2) statistical analysis of streamflow during the
months of July through September, (3) reewvaluation of the thermal plume
dispersion, and if necessary, (4) a review of altemativwe diffusion
designs and thermal modeling. In the event that the above studies fail to
demonstrate that the CRBRP thermal discharge will have no significant
impact on the striped base thermal refuge, this NPDES permit shall be
modified to impose more stringent thermal limitations on plant discharges.

Permittee shall implement an approved preoperational non-radiological
aquatic monitoring program to reestablish baseline data on water quality
and biotic conditions in the Clinch River not less than two years prior to
the scheduled date for fuel loading. Not less than six months prior to
the scheduled date for implementation, the permittee shall submit to the
Director, Water Management Division, EPA, Region IV, for review and
approval, a detailed monitoring plan. Reports shall be submitted
annually, not more than three months following completion of the reporting
period with the first report due 15 months after implementation of the
program. The program shall continue for a period of not less than two
years, unless mutually agreed to by EPA and CRBRP.

Permittee shall implement an approved operational non-radiological aquatic
monitoring program on the first day of operation. Not less than six
months prior to scheduled implementation date, the permittee shall submit
to the Director, Water Management Division, EPA, Region 1V, for review and

approval, a detailed monitoring plan. Reports shall be submitted .

annually, not more than three months following completion of the reporting
period with the first report due 15 months after implementation of the
program. The program shall continue for a period of not less than two
years, unless mutually agreed to by EPA and CRBRP.
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Permittee shall document ambient levels of total and- dissolved copper in
the Clinch River at the CRBRP Site to assure his ability to comply with
pennit requirements. Sampling and analysis shall be conducted at a
frequency of two per month starting no later than November 1982. Data
shall be submitted guarterly under OSN 013 and a summary report shall be
submitted in conjunction with Part III.Q. requirements by January 31,
1984. Ilast samples to be collected in Octocber 1983.

Not later than January 31, 1984, permittee shall submit a detailed
assesgment of his ability to comply with permit conditions and Tennessee
Water Quality Standards requirements as to effluent and instream
concentration limitations and mixing zone size for copper. In the event
that permittee can not demonstrate the necessary compliance, the report
shall indicate an implementation schedule to assure that compliance will
be achieved prior to plant operation.

Subsequent to camnerical operation date, permittee shall conduct approved
toxicity screening of OSN 001. A study plan shall be submitted for review

and approval not later than 90 days prior to commerical operation.

Copies of all plans, assessments, and reports submitted in accordance with
Parts III. J, M, N, and O herein shall be forwarded by the permittee as
follows:

Number of Copies Addressee

2 Director, Water Management Division, ERRA
(Atlanta)

1 Chief, Ecology Branch, EPA (Athens)

2 Director for Environmental Projects, NRC
(Washington)

1 Regional Director, Fish and Wildlife Service
(Atlanta)

1 Director, Tennessee Division of Water
Quality Control (Nashville)

1 Regional Engineer, Tennessee Division of Water

Quality Control (Knoxville)

The State of Tennessee has certified the discharge(s) covered by this
permit with conditions (see Attachments D and E). Section 401 of the Act
requires that conditions of certification shall becoame a condition of the
permit. The monitoring and sampling shall be as indicated for those
parameters included in the certification. Any effluent limits, and any
additional requirements, specified in the attached State Certification
which are more stringent supersede any less stringent effluent limits
provided herein. During any time period in which the more stringent State
Certification effluent 1limits are stayed or inoperable, the effluent
limits provided herein shall be in effect and fully enforceable. (Note:
Certification to be provided prior to permit issuance.)
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Permit No. TN0028801

ATTACHMENT D
D-1

TENNESSEE DEPARTMENT OF PUBLIC HEALTH

Environmental Mznagemaent and Quality Asgurance Administration
T.E.R.R.A. BUILDING
150 NINTH AVENUE, NORTH
July 15, 1982 NASHVILLE. TENNESSEE 37203

Mr. Paul J. Traina

Director

Water Wanagentent Division, Region IV
Environmental Protection Agency

345 Courtland Street

Atlanta, Georgia 30365

RE: State Certification
NPDES No. TN0028801
Clinch River Breeder Reactor Project
Anderson County

Dear Mr. Traina:

Pursuant to Section 401 of the Federal Water Pollution Control Act (as amended by
the Clean Water Act of 1977), 33 U.S.C. 1251, 1341, the State of Tennessee hereby
issues certification to the subject applicant for a National Pollutant Discharge
Elimination System (NPDES) Permit for a wastewater discharge.

The State of Tennessee is not aware of any condition or limitation under Section
301, Section 302, or Section 303 of the Federal Act that would be violated by
* issuance of the proposed NPDES Permit; additionally, the State of Tennessee is not
aware of any standard of performance under Section 306 or Section 307 that would
be violated by issuance of the proposed Permit.

This certification is contingent upon the following conditions:

l.  Permittee is in no way relieved from any liability for damages which
might result from the discharge of wastewater.

2. Permittee must additionally comply with all requirements, conditions,
or limitations which may be imposed by any provision of the Tennessee
Water Quality Control Act (T.C.A. Sections 70-324 through 70-342) or
any regulations promulgated pursuant thereto.

3.  The State of Tennessee reserves the right to modify or revoke this
certification or to seek revocation or modification of the NPDES
Permit issued subject to this certification should the State determine
that the wastewater discharge violates the Tennessee Water Quality
Control Act, or any applicable Water Quality Criteria, or any rules or
regulations which may be promulgated pursuant to the Clean Water Act
of 1977, Public Law 95-217.
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\ State Certification
1l July 15, 1982
Page 2

4. The permittee must comply with the followjng limitations on Discharge
002, the sewage treatment plant effluent:

bl

il ; a. Daily maximum BODs must be 45 mg/l.

il b. Daily maximum Total Suspended Solids must be 45 mg/I.

c. Daily maximum Chlorine Residual must be 2.0 mg/l.

d. The wastewater discharge must be disinfected to the extent that
viable coliform organisms are effectively eliminated. The
concentration of the fecal coliform group after disinfection shall not
exceed 200 per 100 ml. as the geometric mean based on a minimum
of 10 samples, collected from a given sampling site over a period of
not more than 30 consecutive days with individual samples being
collected at intervals not less than 12 hours. For the purpose of
determining the geometric mean, individual samples having a fecal
coliform group concentration of less than one (1) per 100 ml. shall be
considered as having a concentration of one (1) per 100 mL In
addition, the concentration of the fecal coliform group in any
individual sample shall not exceed 1,000 per 100 ml.

e. The waste treatment facilities shall be operated under the
supervision of a certified operator in accordance with the Tennessee
Public Water and Wastewater Environmental Health Act of 1971.

5. For discharge 003 through 008, the permittee must report to the State and
to EPA all periods of rainfall which exceed the 10-year, 24-hour event or
cause discharge from any overflow.

‘_“ 1 6. The permittee must submit to the State for review and approval the
i following:

a. The construction phase erosion and sediment control plan. This plan
is to incorporate best available technology for control of erosion and
sediment, as well as best management strategy for control of oil and
grease and other pollutants from the construction equipment
maintenance area. This plan must be approved 90 days before the

1 start of construction.

| b. The engineering report for the collection, treatment, and discharge

q of all wastewater. This report must quantify the concentration and
total mass of dissolved solids to be released on a daily basis from this
facility during commercial operation.

c. The construction plans and specifications.
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State Certification
July 15, 1982
Page 3

7. The permittee must submit to the State, for review and approval, a plan
for toxicity screening of discharge 00l. This plan is to be approved no
later than 90 days prior to commercial operation.

Very truly yours,

' - O e
. Cw..- ":‘ TS l’“} 3 ‘-,A.e.'x.
Pau! E. Davis
Manager, Perrhifs Section
Division of Water Quality Control

PED/NR/dIr

cc: Percy Brewington, CRBRP Project
Nuclear Regulatory Commission
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Permit No. TN0028801
ATTACHMENT E

STATE OF TENNESSEE

; DEPARTMENT OF PUBLIC HEALTH
; EAST TENNESSEE REGIONAL OFFICE
! ALEX B. SHIPLEY REGIONAL HEALTH CENTER
: 1322 CHEROKEE TRARL
KNOXVILLE, TENNESSEE 37930

September 21, 1982

CERTIFIED MAIL

Mr. Paul J. Traina

i Director.

| Water Management Division, Region IV
\ Environmental Protection Agency

345 Courtland Street

Atlanta, Georgia 30365

\
!‘ Re: State Certification
| ' NPDES No. TN0028801
V - Clinch River Breeder Reactor
i Project
| Anderson County

Dear Mr. Traina:

The Construction Phase Erosion and Sediment Control Plan called for
in Section 6.A. of the State's July 15, 1982 certification of the above
referenced permit has been received, reviewed, and approved.

Approval for the ESCP was given at the final plans review meeting on
July 27, 1982. As an administrative device no longer required, we are
lifting the 90-day clause contained in Section 6.A. of our certification.

if you have questions related to this or other permit activities, do
not hesitate to call.

fi; Very truly yours,
AL D2 B
oy ' ' Paul E. Davis

Manager, Permits Section
Tennessee Water Quality Control

PED:ADM: bm

cc: Percy Brewington, CRBRP
Nuclear Regulatory Commission
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II.

NPLCES Permit Rationale
Clinch Riwver Breeder Reactor Plant
Permit No. TN0028801

0CT 29 1882

Applicable Regulations

A.

Federal performance standards for new sources: Chemical wastes (40
CFR 423.15) and area runoff (40 CFK 423.45) as promulgated on October
8, 1974, with proposed revisions published on October 14, 1980.

Tennessee Water Quality Standards: HRules of the Tennessee Department
of Public Health, Bureau of Environmental Health Services, Division

-of Water Quality Control, Chapter 1200-4. The Clinch River in this

reach has been classified for Domestic and for Industrial Water
Supply, Fish and Aquatic Life, Recreation, Irrigation, and Livestock
Watering and Wildlite. '

Effluent Limitations

A.

Outtall Serial Number (OSN) 001 - Common Plant Discharge.

1. Except for copper as noted below, only monitoring requirements
are included since effluent limitatons have been applied to
individual waste streams which discharge through this OSN.

2. Copper.

a. Criteria. Criteria for toxic pollutants are provided in
Chapter 1200-4-3.01(3)(c)7 of the Rules of the Tennessee
Department of Public Health for Fish and Aquatic Life and
are as follows:

Toxic Substances - There shall be no substances added
whether alone or in combination with other substances that
will adversely affect fish or aquatic life. The instream
concentrations of toxic pollutant shall not exceed 1/10 of
the 96-hour ICsqp based upon available data using one or
more of the most sensitive organisms significant to the
aquatic community of the waters under consideration. Where
there are substances that are toxic due to their cumulative
characteristics, other 1limiting concentrations may be
specified on a case by case basis within the discharge
permit when factually justified and approwed by the
Commissioner of the Tennessee Department of Public Health.
In no event shall the diversity or productivity of biota
significant to the aquatic community of the receiving steam
be decreased based upon a 96-hour LCsg criterion and the
appropriate application factor. References to be used in
determining toxicity limitations shall include, but not
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limited to: Quality Criteria for Water (Section 304(a) of
PL 92-500), Federal Regulations under Section 307 of PL
92-500, and Federal Regulations under Section 1412 of the
Public Health Service Act as amerded by the Safe Drinking
Water Act (PL 93-523). The use of such information should
be limited to that part applicable to the aquatic community
fourd within the receiving steam or waters under
consideration.

Table 1 ocompares ambient, expected effluent and ICgg
values for specific parameters. Two columns of ICsp data
are included in Table 1. One for fathead minnow and a
second for other species for which ICgg data is
available. Fathead minnow is one of the normal indicator
organisms used by EPA and other researchers for toxicity
evaluations. ICgg data for representative sensitive fish
species have been utilized even though planktonic fish food
organiams such as Daphnia may have ILCggp values which are
lower than the fish species assesed. This was due to two
factors. First, fish are mobile and might remain in the
vicinity of the discharge for periods long enough for
accute toxicity oonditions to occur. However, the
planktonic fish food organisms float with the current and
do not remain in the vicinity of discharge for exterded
periods. Secorxlly, instream assessments have been made at
the edge of a 20-meter mixing zone where a 13 to one
dilution occurs rather than after complete mixing (i.e.
more than 100 to one) in the Clinch River.

Data for all parameters in Table 1, with the possible
exception of copper, indicate that cowpliance with the
toxic substances clause of the Tennessee Water Quality
Standards should be achieved by the plant discharge. To
assure this compliance, intake and effluent monitoring are
required by Part III.C. for selected parameters subseguent
to plant operations.

In the case of copper, however, absolute certainty cannot
be assured at this time based on ambient data at Clinch
River Mile 17.9. Data at CRM 10.0 indicates an average
value for total copper of 5.6 ug/l. If the anbient value
of 5.6 exists at the site, assurance of compliance with the
toxic substance clause could be made without further
consideration. However, ambient data collected at CRM 17.9
indicates an average of 36.5 ug/l. This discrepancy may be
due in part to slightly different sampling or analytical
methods or factors related to river conditions at the two
locations. Even if actual concentrations of total copper
at the plant site average 36.5 ug/l, it must be noted that
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a reasonable fishery and food chain population presently
exists at the site which would be inconsistent with ICgp
data available for the indigenous species. This may be due
in part to the criteria develcpment procedure. Most ICg0
data is developed utilizing soluble copper (cupric ion)
which is typical of most industrial dischargers of copper.
However, in the case of CRBRP, increased total copper in
the plant discharge is primarily due to concentration of
background materials by evaporation of pure water in the
cooling tower system. This evaporation leaves behind the
pollutants which are in the intake water in a concentration
of about two and one-half times that in the plant intake.
Regeneration of demineralizers likewise returns pollutants
which were removed fram the intake water in process water
treatment. While same very minimal amount of copper may be
added due to corrosion and erosion of condenser tubing,
sedimentation of river silt and other suspended material
containing copper is likely to result in a net decrease in
the total pounds per day of copper returned to the River
campared to that which is removed fram the River by the
plant intake. Unlike the soluble <copper used in
development of toxicity criteria, ambient concentrations of
total copper in the River (and returned in the plant
discharge) are likely to be in cambined form as part of the
sediment load or suspended solids which are not readily
available to aquatic organisms and are therefore not likely
to be as toxic.

Permit limitations. A provision is included in the permit
requiring the permittee to comply with the toxic substances
clause both in the discharge and at the edge of the mixing
zone. However, as mnoted above, a specific numerical
limitation is not provided at this time pending completion
of studies noted below.

Special corditions Part III. Due to the presence of
arbient data at the site which indicate that copper exceeds
or potentially exceeds the toxic substances clause of the
Tennessee Water Quality Standards, Special Conditions
III.P, III.Q and III.R have been incorporated into the
draft NPDES Permit. Parts III.P and Q require that the
appllcant conduct a sampling and analysis program for both
total and dissolved coopper and submit an assessment
assuring his ability to comply with Tennessee Water Quality
Standards requirements. This report will include an
assessment of alternatives, remedial actions, and an
implementation schedule to provide corrective actions, if
necessary, prior to plant operation. Additionally, Part
III.R. reguires the permittee to conduct approved toxicity
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screening tests on the actual plant effluent to assure that
Tennessee Water Quality Standards requirements are met.
Approval of the testing methods and procedures as well as
evaluation of results will be coordinated with the State of
Tennessee.

Sewage Treatment Unit Effluents to OSN OOl. Limitations are based on
Secondary Treatment requirements (40 CFR 133.102) for domestic waste,
Tennessee Standards requirements, and best professional judgements.
The State of Tennessee has included more stringent requirements as
part of its certification (See Attachment D) to the NPDES Permit.

OSN 003 throuwh 008 - Point sources of runoff from areas of
construction (including dewatering and other minor wastes) and yard
drainage to ditches to the Clinch River. Requirements are based on
423.45 and best professional judgements. Use of runoff collection
ponds carbined with filtration is considered to be a best management
practice for control of site runoff. Equipment maintenance in the
Construction Equipment Maintenance Area will result in the generation
of waste o0il which will be collected in two dry sump collection
basins. These basins are to be cleaned of waste o0il for disposed
offsite. 1In the event that oil is not collected at an adequate
frequency, rainfall ocould cause overflow to treatment pond A (OSN
003). Sufficient oil discharge to this pond could cause sealing of
the filter with significant maintenance problems for the permittee.
Administrative procedures to minimize this problem are proposed by
the pemittee, including frequent inspection and cleanout of the dry
pits. An oil and grease limitation and monitoring requirement is
included for OSN 003.

OSN 0092 - Wastewater Treatment System effluent to OSN 001.
Limitations are as required by promulgated and proposed 423.15(c) for
low volume wastes.

1. Concentration Limitations: Total suspended solids limitations
of 30 mg/1 as a 30-day average ("daily average") and 100 mg/l as
a 24-hour average ("daily maximm"). O0il and grease limitations
are 15 and 20 mg/l as daily average and daily maximum
concentrations, respectively.

2. Quantity limitations: Based on éxpected monthly . sumer
discharge rate of 125 gallons per minute (gpm). Calculations
are based on the following formula:

pounds per day = mg/l x MGD x 8.345

where, 8.345 is the appropriate conversion factor
0.454 pound/day = 1.0 kilogram/day (kg/day)

MGD = Million gallons per day = gpm x 0.00144.
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OSN 010 - Liquid Radwaste effluent to OSN 00l. Limitations are based
on best professional judgement. NOTE: THE RADIOACTIVE COMPONENT OF
THIS DISCHARGE IS REGULATED BY THE U.S. NUCLEAR REGULATORY COMMISSION
UNDER THE REQUIREMENTS COF THE ATOMIC ENERGY ACT' AND NOT BY THE
U.S.E.P.A. UNDER THE REQUIREMENTS OF THE CLEAN WATER ACT.

1. Concentration limitations: Tctal suspended solids and oil and
grease limitations of 15 and 20 mg/l, respectively, as daily
average and daily maximum concentrations.

2. Quantity limitations: Limitations are based on a 15 mg/l
concentration with the following flows:

a. Daily Awerage ~ 850 gallons per day (one batch every three
days).

b. Daily Maximum - 4800 gallons per day (two batches in one
day) .

OSN 011 - Cooling Tower Blowdown to OSN 00l. Limitations are based
on requirements of promulgated 423.15(i) and (j) and proposed
423.15(3) and (k), Tennessee Standards requirements, and best
professional judgement.

OSN 012 - Metal Cleaning Wastes discharged to unnamed ditch to the
Clinch River. Applicant presently proposes to dispose of metal
cleaning wastes off-site by contractor. The permit requires that any
off-site disposal be conducted in an environmentally acceptable
manner and that details ot such disposal must be submitted to EPA and
the State not later than 180 days prior to off-site disposal.
Additionally, limitations and monitoring requirements have been
included in the Permit to allow the applicant to discharge treated
metal cleaning wastes to the Clinch River in the ewvent that on-site
treatment is desired. Limitations are as required by promulgated
423.15(f) and proposed 423.15(d), except that best :professional
judgement limitations for phosphorus and chemical oxygen demand have
been included.

OSN 013 - Plant Intake. Monitoring requirements have been included
for comparison with discharge parameter concentrations to assure
compliance with Tennessee Water Quality Standards criteria. EPA has
tentatively determined that the proposed intake design will meet the
requirements of Section 316(b) of the Clean Water Act, i.e. "...the
location, design, construction and capacity of cooling water intake
structures reflect the best technology available for minimizing

~adverse environmental impact”. No post-operational biological

monitoring is considered necessary for the intake.
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Proposed Permit Period - 5 years.

The NPDES permit limitations insure campliance with the most
stringent reguirements of either the pramulgated (October 8, 1974) or
proposed (October 14, 1980) standards of performance for new sources
(40 CFR 423.15). Data in the application and best professional
judgements based on information available for other power plants
indicates that additional treatment is not likely to be necessary for
priority pollutants. However, to assure that this judgement is
correct, the permittee will be required to submit priority pollutant
data not later than one year after the comnercial operation date
(NPDES Permit Part III.G.). Additionally, a reopener clause is
included in the permit (NPDES Permit Part III.H.) in the event that
excessive levels of priority pollutants are subsequently found.
Monitoring of selected parameters (including heavy metal priority
pollatants) will be required after the plant becomes operational
(NPDES Permit Part III.C.) also. ‘Therefore, it is proposed that a
full five-year permit be issued.

Comments Received

A. Ms. Iouise Grenflo, Crossville, Temnessee requested a public
hearing. The request was not granted by EPA since it was the
only request received and did not indicate a "significant
degree of public interest" necessitating a public hearing.

B. Natural Resources Defense Council, Inc., Washington, D.C..
Identical camments were provided to EPA and NRC. EPA responses
were provided to NRC and are included in the Final Supplement to
the Final Enviromnmental Statement. Part II of this Ratiomale
has also been expanded to respond to NRDC camments.

-
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TABLE 1

CLINCH RIVER BREFDER REACTOR PROJECT

Arbient Water Quality Data

Parameter CRM 10.0(1 CRM 17.9(2 1C50(4) Expected Bdge of
. No Avg. No Avg. Max. Fathead Other Effluent(17) Mixing Zone(19)
Obs. Value Gbs. Value Value Minnow Species 0.1 x ICS0 Avg. Max. Avg. Max.

Total hardness mg/1 67 108. 0 - - - - - - = - =
Arsenic ug/1 61 <3.1 1 <5.0 5 15,600 15,370(5) 1,540 (18) (18) <6 -
Cadmiun ug/1 62 <1.9 S0 <1.0 1 4,500(6) 1,100(7) 110 (18) (18) <1 <1
Chromium ug/1 60 <3.8 S0 <5.6 27 18,000(8) 26, 500(?) 1,800 (18) (18 <6 <30
Copper ug/1 62 <5.6 S0 <36.4 170 250(10)  2¢6(11) 25 <200 <500 <48(20)  <194(20)
Lead ug/1 63 <10.9 S0 <11.2 s 60,000(12) - 6,000 <26 <84 <12 <39
Nickel ug/1 10 <23.0 S0 <50.2 60 15,000(13) ¢,300(14) 630 170 190 <59 <70
Zinc ug/1 11  <14.4 49 <24.9(3) 170 8,100(15) ¢,800(16) 680 61 300 <28(21)  <179(21)

Footnotes to Table 1

1. Data at Clinch River Mile 10.0 downstream of the Gallaher Bridge is collected by the State of Tennessee.
are less than the limit of detectability as if they were egual to the limit of detectability.

Average includes data points which

2. Data at Clinch River Mile 17.9 in the vicinity of the CRBRP intake is collected by TVA. Average incluiles data points which are less than the

limit of detectability as if they were egual to the limit of detectabjlity.

3. Average excludes an abnormally high value of 570 ug/l. If this value were included, the average of 50 samples would be 35.8 ug/1.

4. Concentration of test pollutant lethal to S0 percent of the test organisms in 96 houre. Data from Anbient Water Qmlity for (Paramster),

1980. (EPA 440/5-80-15 through -079). Seperate report volumes are available for each pollutant.
S- Blueaill- Range of 15,370 to 17,400.



10.

11.

12,
13.
14.

15.
16.

17.

18.

19.

20.

21.

Footnotes to Table 1 (Continued)

Extrapolated value at a hardness of 100 mg/l. Range of 630 to 1050 at a
hardness of 20 mg/l. Range of 2,000 to 12,000 at a hardness of 200 mg/l.

Adult striped bass at a hardness of 55 mg/l. Bluegill: 1940 at a hardness
of 20 mg/1l. '

Extrapolated value at a hardness of 100 mg/l. Range 36,000 to 66,000 at a
hardness of 200 mg/1.

Striped bass at a hardness of 35 mg/l.

Extrapolated value at a hardness of 100 mg/l. Arithmetic average of seven
values is 510 at a hardness of 200 mg/l with a range of 430 to 790.

Bluntnose minnow: Arithmetic average of eight values with a range of 210
to 340 at a hardness of 200 mg/l. Adult striped bass: 4000 ug/l at a 55
mg/l hardness. Striped bass larvae and fingerlings: 50 to 150 at a 70
mg/1 hardness. Bluegill: 1250 at a hardness of 43 mg/1.

Extrapolated value at a nardness of 100 mg/l. Value of 7480 at a hardness
of 20 mg/1.

Extrapolated value at a hardness of 100 mg/l. Value of 5210 at a hardness
of 45 mg/1.

Striped bass: 6300 at a hardness of 55 mg/l. Bluegill: 5360 at a
hardness of 20.

Range of 8100 to 25,000 at a hardness of 100 mg/l.
Striped bass at a hardness of 55 mg/1.

Data fran CRBRP Table 3.6~l1, revised (FSFES Table A3.2). Most of

increases in maximum effluent concentrations are due to concentration of.

ambient pollutants by evaporation in the cooling tower.
None expected to be added. Effluent would be about 2.5 times ambient.

Based on ambient data at CRM 17.9, except as noted. A dilution factor of
13 x amwbient to one x effluent is utilized (See Permit Part III.D.).
Average ambient is used for average conditions and maximun ambient for
maximm conditions.

If average ambient level of copper at RM 17.9 is used in the calculation,
the maximum mixing zone concentration would be about 70 wg/l. If arbient
levels at CRM 10.0 are used in the calculations, average mixing zone
concentration would be about 14 ug/l and maximum mixing zone concentration
would be about 34 ug/l. Maximum arbient value at CRM 10.0 is 24 ug/l. If
average ambient level of copper at CRM 10.0 is used in the maximm mixing
zone calculatlon, the concentration would be about 14 ug/l at the edge of
the mixing zone.

If the abnormally high ambient value of 570 ug/l is included in the

calculations, average mixing zone concentration would be about 40 ug/l and
maximim mixing zone concentration would be about 631 ug/l.
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APPENDIX I

LETTER TO MR. L. W. CAFFEY FROM
MR. RICHARD DENISE, MAY 6, 1986

No changes have been made to this Appendix.




APPENDIX J
ADDENDUM TO SECTION 7.1: PLANT ACCIDENTS INVOLVING RADIOACTIVE MATERIALS

The staff has examined Section 7.1 of the CRBR FES with a view to updating it
to reflect any plant-site-feature or regulatory framework changes that have
occurred since the FES was issued in February 1977. The staff finds that no
plant-site changes have occurred that are significant to accident risk environ-
mental concerns, nor is there significant new information relevant to environ-
mental concerns that bears on the environmental impacts or risks of accidents
as reported in the FES. Since the publication of the FES, however, the Com-
mission has issued a Statement of Interim Policy (June 13, 1980) that provides
guidance on the considerations to be given to nuclear power plant accidents
under NEPA. Among other things, the Commission's statement indicated: "this
change in policy is not to to be construed as any lack of confidence in conclus-
ions regarding the environmental risks of accidents expressed in any previously
issued (Environmental Impact) statements, nor, absent a showing of...special
circumstances, as a basis for opening, reopening, or expanding any previous or
ongoing proceeding."

The staff in its environmental review of the CRBR application concluded that
the CRBRP did constitute a special circumstance that warranted consideration of
Class 9 accidents in the Environmental Statement. Because the CRBRP reactor
was very different from the conventional light water reactor (LWR) plants for
which the safety experience base is much broader, the staff included in the
CRBRP FES a discussion of the potential impacts and risks of such accidents. As
noted in the Statement of Interim Policy, the fact that the staff has identified
this case (CRBRP) as a special circumstance was one of the considerations that
led to the promulgation of the June 13, 1980 Statement.

In examining the FES, the staff has considered that the Interim Policy State-
ment provides guidance for future NEPA reviews, and the staff has concluded
that the discussion of accidents in the FES meets the guidance, except for con-
sideration of the risks due to 1iquid pathways. A discussion of the liquid
pathway risks is in Section J.1.2.

J.1.1 DESIGN-BASIS ACCIDENTS

" The results of the staff's analyses of the realistic consequences of design-
basis accidents were presented in the FES Table 7.2. The reported values ap-
pear to the staff to be reasonable. This conclusion is based upon comparison
of realistic dose consequences of the CRBRP design-basis accidents with the
corresponding doses for some recently evaluated LWRs such as the Comanche Peak,
Callaway, and Palo Verde plants, as shown in Table J.1. The CRBRP doses are
within the range of dose values of some of the LWRs, and the radiological health
effects and the environmental impacts of such postulated accidents would be
comparable to those from postulated LWR accidents.
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Table J.1 Comparison of 2-hour design-basis accident (Classes 2-8) site
boundary doses reported in the CRBRP FES with corresponding
doses reported in the environmental statements of some recent
LWR operating license reviews

Comanche
CRBRP Peak Callaway Palo Verde
Accident FES FES FES FES
(1121 MWt) (3411 MWt) (3411 Mwt) (3817 Mwt)
Fuel-~handling
accidents
Rems thyroid 0.4 2.0 4.0 0.002
Rems whole body 0.5 0.05 1.0 0.07
Large-break LOCA or -
site suitability
source term
Rems thyroid 1.0 85.0 91.0 8.0
Rems whole body 0.1 1.2 2.2 0.4
Rems 1lung 0.2 - - -
Rems bone* 1.2 - - -

*Dose to bone surface calculated with the ICRP-30 dose conversion factor
could be a factor of 3 higher.

Although the staff analysis of the design-basis accidents does not treat in
detail the probabilities of accident occurrence except as implied in a general
way in the development of the accident classification scheme of the previously
proposed annex of Appendix D to 10 CFR 50, the estimated doses are so small
that in the staff's judgment no unreasonable radiological risk to the public
health and safety and to the environment would arise as a result of these
design-basis accidents.

Included in this judgment is acknowledgment that accidents of the types rep-
resented by those described in FES Table 7.2 for Classes 2-8 have a finite and
relatively larger likelihood of occurrence during the operating lifetime of the
CRBRP than the occurrence of Class 9 accidents. Furthermore, their consequences
are required not to exceed the dose guideline values of 10 CFR 100. An assess-
ment of the adequacy of the engineered safety features and operating require-
ments to mitigate and limit the consequences of such accidents will be considered
in the safety evaluation of the CRBRP. Such considerations at all contemporary
LWRs have resulted in a combination of engineered safety features and operating
procedures so that the contribution of these accidents to the total risk to the
environment is judged to be negiigible. The staff will reexamine the radio-
Togical risk contribution of the design-basis accidents at both the construc-
tion permit stage and the operating license stage of CRBRP, giving consideration



to the probabilities of occurrence of accidents and to their consequences.

The purpose of this reexamination at each stage of licensing will be to re-
quire that the plant safety and mitigation systems be designed and operated to
offset adequately the uncertainties arising from a limited national and inter-
national LMFBR operating experience base, and to ensure that the radiological
risks of accidents are not greater than those of the LWRs.

J.1.2 EVALUATION OF CLASS 9 ACCIDENTS

The staff has also performed further calculations to provide additional per-
spective on the risk associated with hypothetical Class 9 accidents at the
CRBRP. Presented below is a discussion of the Class 9 accident sequences,
estimates of accident probabilities, release of radioactive material to the
environment, risks due to the atmospheric and liquid pathway exposures,
economic costs of the loss of the facility, the uncertainties in predictions,
and conclusions.

(1) Freguencies of Severe Accidents

The Class 9 accident discussed in the FES involved a sequence and release
representative of possible core disruptive accidents (CDAs). Additional
sequences are included here to provide better perspective regarding the risks
of CRBRP severe accidents.

The frequencies of severe (Class 9) accidents at the CRBRP involving potential
core disruption and containment failure are related to three phases of such
accidents. First, initiation of core disruption must be considered, and this
typically requires simultaneous failures of redundant safety systems. Secondly,
there are variations in the release to containment that are dependent on the
energy associated with core disruption and the nature of the response of the
primary coolant boundary. Finally, the potential for containment failure must
be considered. The probabilities of such events are discussed below.

Initiators of Core Disruptive Accidents

Core disruption could be initiated by: (1) failure to adequately cool the fuel
as exemplified by a loss of heat sink (LOHS), loss of coolant accident (LOCA),
or massive flow blockage; (2) failure to terminate the fission chain reactions
when necessary, as exemplified by a failure to scram during a loss of flow
event (ULOF) or a transient overpower event (UTOP); and (3) core-wide fuel
failures as exemplified by propagation of local fuel faults (FFP).

As discussed on pages 7-2 and 7-7 of the FES, requirements for prevention of
severe accidents will be imposed on the CRBRP design to ensure that initiation
of core disruptive accidents is made very improbable. Consequently such acci-
dents are not included in the CRBRP design-basis accident spectrum.

LOHS events at the CRBRP would have to involve simultaneous loss of avail-
ability of the main condenser-feedwater train, of all three trains of the steam
generator-auxiliary heat removal system (SGAHRS), and of both trains of the
direct heat removal system (DHRS). The CRBRP SGAHRS system, which is similar

in many respects to the steam generator/auxiliary feedwater systems included in
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PWR designs, consists of one steam-driven and two electrically driven auxiliary
feedwater trains. The DHRS employs a diverse heat removal concept. Although
the staff review of these systems is not complete, it is the judgment of the
staff that there is sufficient inherent redundancy, diversity, and independence
in the SGAHRS and DHRS systems to achieve a core degradation frequency due to
LOHS events of less than 10-% per reactor year. This estimate is based on a
general consideration of typical achievable PWR auxiliary feedwater system
reliabilities, the potential for common cause failures, and the potential for
achieving high reliability in final design and operation through an effective
reliability program. A significant contributor to the LOHS probability for the
CRBRP would be from simultaneous loss of offsite and onsite ac e]ectr1ca1 power
and the steam-driven auxiliary feedwater train.

Because of the high boiling point of sodium, the CRBRP primary coolant system
would operate at significantly lower pressures than LWR primary coolant systems.
This reduces the frequency of large ruptures in the primary coolant system. To
further ensure that large breaks cannot occur and cause core damage, implementa-
tion of preservice and inservice inspection of the primary coolant boundary and
a leak detection system will be required. In addition, guard vessels will be
included to prevent unacceptable leakage from large portions of the primary
coolant system. For these reasons LOCAs are not considered credible (i.e.,
design-basis) events at CRBRP. The frequency assumed for LOHS adequately bounds
the LOCA contributions to core disruption frequency.

The coolant inlet region of the CRBRP core is being designed to prevent large
sudden flow blockage such as that which led to extensive damage to two subas-
semblies in the Enrico Fermi reactor. Multiple inlet ports at different planes
with interposed strainers will prevent large pieces of debris from significantly
reducing coolant flow to a subassembly module. Although sources of particulate
debris in sufficient quantity to produce significant flow blockage have not
been mechanistically identified, it may be postulated that this might occur.
Such debris would not be expected to be concentrated but rather be distributed
rather generally throughout a large region of the core and would be detectable
by the core outlet thermocouples if significantly reduced core flow were to
result. The frequency assumed for LOHS core degradation sequences adequately
bounds the flow blockage contribution to core disruption frequency.

UTOP and ULOF events involve simultaneous failure of both of the reactor shut-
down systems. Each of these systems will be required to meet the high standards
normally applied to LWR shutdown systems. For example, as specified by IEEE
Standard 279, each shutdown system will be automatically initiated, will meet the
single failure criterion, and will be tested regularly. Each system consists of
three independent electrical actuation channels of diverse logic and diverse
components. The mechanical portions of the two systems employ diverse mechanisms.
Although the staff review of these systems is not complete, it is the judgment

of the staff that there are sufficient inherent redundancy, diversity, and inde-
pendence in the overall shutdown system designs to expect an unavailability of
less than 10-5 per demand. This estimate is based on a general consideration

of LWR shutdown system unavailability rates, ATWS precursors,* potential for

*ATWS precursors are protection system component failures that have occurred
at operating reactors that, if coupled with additional failures, could have
led to an ATWS event.
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common cause failures, and the feasibility of implementing an effective relia-
bility program to achieve high reliability in the final design and in operation.
Using the assumption, based on LWR experience, that an average of about 10
transients (requiring scram) might occur per year of operation over the life of
the plant, the staff concludes that the combined frequency of degraded core
accidents initiated by ULOF and UTOP events is less than 10-% per reactor year.

The CRBRP fuel design will be required to have an inherent capability to

prevent rapid propagation of fuel failure from local faults. Systems to detect
more slowly developing faults will also be required. Each of these features is
considered feasible and in fact has been achieved on fuel designs similar to
that of CRBRP. Therefore, the frequency of fuel failure propagation is con-
sidered very low. The frequencies attributed to LOHS, UTOP, and ULOF events
adequately bound the contribution to core disruption frequency from fuel failure
propagation.

In summary, the frequencies of core disruption from LOHS, UTOP, ULOF, LOCA, and
FFP events are all considered to be less than 10-% per reactor year. Even when
combined, the overall combined probability of these types of events is estimated
to have a net frequency of 10-% per reactor year or less. This net frequency
does not reflect the variations in response of the primary coolant system that
might be associated with the various initiators. Some initiators may result

in more severe response than others. This is taken into account as described

in the following paragraphs.

Response of the Primary Coolant System

The response of the primary coolant system to core disruption depends on the
amount of energy associated with the disruption. Four categories have been
identified and are tisted here in order of increasing potential threat to con-
tainment integrity and increasing release of radioisotopes into containment:

I. Primary system remains -intact; no significant release of radioactive
materials to the containment atmosphere.

II. Primary system initially intact, but later fails due to ineffective
long-term decay heat removal (of the order of hours or more). The release
of core debris and sodium would be initially into the reactor cavity;
eventually radionuclides and sodium would reach the containment atmosphere
through the reactor cavity vents, but at a slow rate relative to the
initial releases of Categories III and IV below.

III. Primary system system seals experience partial failure due to excessive
mechanical and thermal loads. A limited release of core Pu and other
actinides, solid fission products, noble gases, and volatile material into
the upper containment would occur immediately.*

IV. Primary system sealing fails open by excessive mechanical and/or thermal
loads. A large release of noble gases, volatile material, solid fission

*Note: Longer term release to containment via the reactor cavity and vents
would be in Category II.
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products, and ccore Pu and other actinides could occur immediately. Contin-

uous open venting to the upper containment through failed seals is available

for subsequently vaporized sodium and radionuclides.*

Most core disruptive accidents are expected to be nonenergetic and to culminate
in effects such as described for Categories I and II above.

The applicants have proposed to incorporate features to mitigate the above
behavior indicated in Categories II, III, and IV to reduce the probability of
subsequent containment failure. These include a filtered vent system to
relieve containment pressure, a containment purge system to reduce the
potential for hydrogen explosions, fans in the annulus between the steel con-
tainment shell and the confinement structure to cool the two structures, and
vents to relieve pressure from gases generated behind the reactor cavity cell
liners. These provisions are currently under review by the staff.

The Class 9 accident releases described in Categories III and IV correspond to
core disruption of sufficient energy, due to recriticality, to cause mechancial
damage to the primary coolant system. The staff is reviewing the potential for
energetic recriticalities to determine the magnitude of energy release

- anticipated. If the conclusion of this review is that an energy release beyond
primary system capability cannot be precluded, the staff will require that some
action be taken (e.g., that the vessel be strengthened or that head restraints
and sodium spray deflectors be installed) to prevent early containment failure
from missiles or spray fires. The staff believes that the technology exists to
design and build such devices; similar devices and/or measures were utilized in
the design of the Fermi reactor, as well as in Atomics International's design
studies of a 500-MWe LMFBR demonstration plant.

Assuming that a core disruptive accident occurs, the conditional frequencies of
event Categories I through IV subsequently occurring are estimated as follows:

Primary System Failure - Category I, II, and III combined: ~ 0.9 per CDA
Primary System Failure - Category IV: ~ 0.1 per CDA

These estimates reflect the lower frequencies expected for core disruption
accidents of increasing energetics. Because of the difficulty of estimating
separate probabilities for Categories I, II, and III, they are combined; for
the risk analysis, they are conservatively treated together as if all were
Category III.

Response of Containment

For the purpose of estimating risk given the threats to containment identified
above, the following two containment failure modes leading to airborne releases
are identified:

XNote: ' Longer term release to containment via the reactor cavity and vents
would be as in Category II.
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(A) Failure of Containment Caused by Overpressure
(B) Failure of Containment to Isolate
The frequency and consequences of releases to the ground by basemat penetration

are considered to be overshadowed by airborne releases, as discussed under the
subsection entitled "(4) Liquid Pathways' below.

The staff will require that the containment annulus cooling and vent/purge
systems be designed with sufficient redundancy and quality and be tested and
inspected during operation with sufficient frequency so that it can be assumed
that their unavailability for anticipated mission times will not exceed 10-2
per demand. Such systems will not be needed to prevent overpressure conditions
until many hours after initiation of a CDA, and would not be expected to be
affected by Toss of offsite and emergency onsite power unless such power loss
should be a long-term outage. Should the containment systems be required after
a temporary loss of all ac power initiating event, failure to recover ac power
before containment failure occurs is estimated to have a frequency of about
10-2 per demand.

Containment isolation would be an engineered safety feature at the CRBRP. Such
systems are designed to high quality standards and with redundancy. An un-
availability of Tess than 10-2 per demand is feasible for such systems and is
expected to be attained at CRBRP given that implementation of an adequate
reliability program would be required. '

In summary, the conditional unavailabilities associated with the containment
failure modes are as follows:

Containment Failure Mode A (Mitigating System Failure): < 10-2 per demand

Containment Failure Mode B (Containment Isolation Failure): < 10-2 per
demand.

(2) Release of Radioactive Material

Estimates of the release fractions of the various isotopes that can escape from
the CRBRP are made using the isotope groups defined in WASH-1400. As shown in

Table J.2, four release classes are considered and releases to the environment

are defined for three containment modes:

Design leakage and filtered venting

. Overpressure failure, Failure Mode A (at about 24 hours)
Containment isolation failure, Failure Mode B (24-in.-diameter ventilation
l1ine)

Releases from the primary system to the RCB can potentially occur either by
leaking through the vessel head seals immediately following an energetic CDA or
by release from the sodium pool (which forms in the reactor cavity after
reactor vessel and guard vessel meltthrough) through the reactor cavity vent
system.
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Table J.2 CRBR CDA sequence classes

Bounding estimate  Percent of core inventory released to

_ ’ of containment environment3>4
CDA Primary system Containment release frequency? -
class Initiation failure category! failure mode (per reactor year) Xe-Kr I ~ CS-Rb Te-Sb Ba-Sr Ru® La®
1 Generic Core I, II, III, None? 10-4 100 0.01 0.01 0.01 0.01 0.001 o0.001
Disruption . or IV
2 "~ Generic €ore II, III, or IV A 10-6 100 1.0 1.0 0.6 0.6 0.08 0.08
Disruption (Overpressure)
3 Generic Core II or III B 10-8 " 100 1.3 1.3 0.8 0.8 0.06 0.06
Disruption (Containment
Isolation)
4 Generic Core 1V B 10-7 100 4.0 4.0 1.7 1.7 0.35 0.35
< Disruption (Containment
o Isolation)

1For each CDA class, the most severe primary system failure category in that class was conservatively assumed for the

- calculation of releases to the environment.

2The release frequency was determined by multiplying the sum of the primary system failure category frequencies in that
CDA class by the conditional probability of the containment failure mode.

3Background on the isotope groups and release mechanism is presented in Appendix VII of "Reactor Safety Study," WASH-1400,
NUREG-75/014, October 1975.

4Indicated release percentages do not include decay; decay is accounted for in the consequence calculations.

5Includes Ru, Rh, Mo, Tc.

6Includes Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, Cm.

7CDA Class 1 assumes filtered venting as needed to prevent containment failure.




Chemically inert noble gases (Xe-Kr) are not removed from the RCB other than by
decay and Teakage or filtered venting to the environment. The remaining fission
products can be removed from the RCB atmosphere by decay, leakage, filtered
venting, and by naturally occurring depleting mechanisms such as:

. Aerosol agglomeration and settling
Thermophoretic deposition on cooler surfaces
Plate-out

The fraction of airborne material that leaks to the environment in the long
term depends on the ratio of the leakage rate to the total removal (leakage,
filtration, decay, and deposition) rate. Removal by aerosol agglomeration and
settling, considered the dominant deposition mechanism, is modeled as an
exponentially varying time-dependent process.

Primary system sodium would play an important role in removing fission products
in CRBRP. First, sodium chemically combines with fission products such as
iodine and bromine to form less volatile compounds. Second, sodium is main-
tained well below its boiling point during normal operation, and thus fission
product release to the RCB is retarded by the liquid sodium. Third, sodium
vapor, after it becomes airborne, becomes an aerosol. When sodium vapor enters
the RCB, for example, a sodium oxide aerosol is formed. Because there are more
than 1 million pounds of primary coolant sodium, a dense aerosol (10-100 pg/cc)
could be airborne in the RCB. The airborne fission products can interact with
and essentially respond as sodium oxide aerosols. For the purpose of analysis,
therefore, the airborne fission products (less noble gases) are considered to
be removed at the same rate as the sodium aerosols.

Referring to Table J.2, the variation in release fractions among isotope groups
and CDA classes depends on the magnitude of competing, concomitant, rate pro-
cesses (leakage from the RCB, release to the RCB, and deposition in the RCB).
It should be emphasized that the indicated release fractions do not include
removal by decay; this is accounted for in the consequence calculations.

Leakage From the RCB

Leakage from the RCB considering CDA Class 1 involves design leakage at rates
of 10-% to 10-° of the containment atmosphere per hour and filtered venting
which is 97% to 99% efficient. In CDA Class 2, approximately 57% of the RCB
atmosphere will be released soon after failure by overpressure because the RCB
pressure drops from about 2.3 atmospheres (abs) to 1 atmosphere (abs). There~
after leakage through the RCB breach is about equal to the release rates of
fission products and other gases into the RCB (10-! to 10-2 of the containment
atmosphere per hour). The leakage rate to the environment considering failure
of the containment to isolate a ventilation supply or exhaust line (CDA

Classes 3 and 4) is estimated to be on the order of 10-! to 10-2 of the con-
tainment atmosphere per hour, similar to the rates after overpressure failure.
Thus, for each release class, the volume of gases released during the estimated
100- to 200-hour period in wh1ch the sodium poo] boils will be several times the
containment volume.

. Release to the RCB

For the purposes of this ana]ysis; head release fractions were selected as
indicated in Table J.3.
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Table J.3 Head release selected for source term analysis

Primary system Percent of core inventory* released from the
failure category  head (%)

Xe-Kr I Cs-Rb Te-Sb Ba-Sr Ru La
II1 100 3 3 1 1 0.1 0.1
Iv 100 30 30 10 10 3 3

*See footnotes to Table J.2.

The fission product inventory remaining in the vessel after the head release
constitutes the pool inventory after vessel meltthrough. Pool releases were
estimated by considering the relative volatilities of the fission products
compared to sodium. Alkali metals such as cesium, for example, boil off at 10
to 20 times the rate of sodium vaporization. Halogens such as iodine form com-
pounds with sodium and, thus, are released from the sodium pool at a slower rate
than the sodium. The remaining semivolatiles and solids are released con-
siderably more slowly than sodium. Insignificant amounts of the nonvolatiles
(including fuel) are released to the RCB before cavity dryout.

Once the sodium pool has boiled off, the remaining dry debris will increase in
temperature and attack the concrete basemat. Additional release of a fraction
of the remaining fission products and fuel is then possible and may be exacer=~
bated by sparging effects caused by the release of gases from the concrete
during thermal decomposition. :

. Deposition in the RCB

Deposition rates for particulate airborne fission products are a function of
the particle shape and size as well as concentration. Typical analysis for
similar sodium aerosol conditions indicate deposition rates in a single chamber
of between 0.5 and 1.0 per hour. Considering leakage rates between 10-2 and
10-1 per hour, therefore, indicates that between 1% and 20% of the particulate
airborne fission products may eventually be released to the environment.* The
overpressure failure mode drops the containment pressure to 1 atmosphere, there-
by releasing 57% of its atmosphere. Because this release would not occur until
about 24 hours after the head release and about 14 hours after pool boiling
begins, considerable deposition of the airborne material would occur. The re-
maining releases after overpressure relief are similar to those occuring after
containment isolation failure.

In addition to that in the RCB, further deposition would occur in the reactor
cavity and its vent system, in the annulus between the containment and confine-
ment (overpressure failure), and in the ventilation system (containment isolation

*Design leakage rates of 10-% to 10-° per hour correspond to 10-2 to 10-3
long-term release fractions. Filtered venting is 97% to 99% efficient.
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failure). Each of these features presents a tortuous flow path and appreciable
surface area enabling condensation, plate out, and settling. The noble gases
are conservatively estimated (decay not included) to completely escape to the
environment for each CDA class. This is deemed appropriate because no deposi-
tion would occur and several exchanges of the RCB atmosphere would occur.

After considering the above factors, releases to the environment for each CDA
class were estimated for vessel head releases, pool releases, and dry cavity
releases. These three release components for each CDA class were then combined
into a single set of releases for input into the consequence model. The
results of this analysis are shown in Table J.2.

Comparison of Accident Sequence Frequencies

The most probable class of CDA accident sequences is that in which containment
systems function as designed, CDA Class 1. Releases to the environment would
occur because of design leakage and controlled, filtered venting at about

24 hours after CDA initiation. The likelihood of this accident class is esti-
mated to be less than 10-% per reactor year. For comparison, the doses asso-
ciated with this accident class are not expected to exceed 10 CFR 100 guide-
lines.* The primary system failure mode is unimportant for this sequence.

The two most probable classes of CDA accident sequences for which the doses are
expected to exceed 10 CFR 100 guidelines* are as follows. First, in CDA

Class 2, a CDA is initiated (less than 10-% per reactor year), a primary system
failure of Category II, III, or IV (combined conditional frequency ~ 1) occurs,
and containment failure mode A, containment cooling or vent/purge failure
(leading to overpressure failure) at approximately 24 hours (less than 10-2 per
demand) follows. This class of CDA accident sequences corresponds to the FES
Class 9 accident. In the other of these classes, CDA Class 3, a CDA is initiated
(less than 10-% per reactor year), a primary system failure of Categories II
and III (combined conditional frequency ~ 1) occurs, and containment failure
mode B, failure to isolate (less than 10-2 per demand) follows. Both of these
classes of CDA accident sequences would therefore have an estimated bounding
frequency of less than 10-® per reactor year. Furthermore, the frequency of
10-6 per reactor year bounds each CDA accident class sufficiently such that

the combined frequency of the two classes is estimated to be less than 10-6 per
reactor year.

A less probable class of CDA sequences for which doses could exceed 10 CFR 100
guidelines, CDA Class 4, would be initiation of a CDA (less than 10-% per year),
primary system failure Category IV (about 0.1 per demand), and containment
failure mode B, failure to isolate (less than 10-2 per demand). The event has
an estimated combined frequency of less than 10-7 per reactor year.

*The comparison to 10 CFR 100 guidelines is made here on an ad hoc basis to pro-
vide perspective regarding the relative severity of the various CDA classes.
The 10 CFR 100 guidelines were developed for siting analysis and are often
applied in design-basis accident analysis. They were not intended to apply to
Class 9 accidents. Throughout this appendix, dose comparisons to 10 CFR 100
guidelines are made on the basis of realistic calculations for CDAs.
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These CDA sequence classes correspond to releases to the environment of four
different magnitudes, and their probabilities represent an estimate of the
frequency of each release mode.

The CDA sequence classes and their releases to the environment are summarized
as percentages of the core inventories in Table J.2. Table J.4 gives the
inventory of activity of radionuclides in the CRBRP core at the time of shut-
down. The first class in Table J.2, which involves no containment failure, is
expected to produce doses not exceeding the guidelines of 10 CFR 100. The
second class in the table corresponds to the FES Class 9 accident sequence.
Although the sequences represented by the third and fourth classes would
involve earlier releases than the FES Class 9 accident, it is not expected that
they would involve risks (product of probability and consequences) signifi-
cantly different from the FES Class 9 accident risk.

(3) Atmospheric Pathway Risks

The potential atmospheric pathway radiological consequences of these accidents
have been calculated by the consequence model used in the RSS (NUREG-0340)
adapted and modified to the CRBRP site. The model used 1 year of site meteoro-
logic data, projected population for the year 2010 extending throughout a
radius of 563 km (350 mi) from the site, and habitable land fractions within
the 563-km (350~mi) radius. The essential elements of the atmospheric pathways
model are shown in schematic form in Figure J.1.

To obtain a probability distribution of consequences, the calculations were
performed assuming the occurrence of each accident-release sequence at each of
91 different "start" times throughout a 1-year period. Each calculation
utilized the site-specific hourly meteorological data and seasonal information
for the time period following each "start" time. The consequence model also
contains provisions for incorporating the consequence-reduction benefits of
evacuation, relocation, and other protective actions, because early evacuation
and relocation of people would considerably reduce the exposure from the radio-
active cloud and from the contaminated ground in the wake of the cloud passage.
The evacuation model used has been revised from that used in the RSS for better
site-specific application. The quantitative characteristics of the evacuation
model used for the CRBRP site include conservative estimates of key parameters.
These estimates were made by the staff because the applicants' estimates are in
a preliminary state of preparation. Included among the key parameters was the
assumption of a 12-hour delay in starting evacuation after operator identifica-
tion of a severe accident.

There normally would be some facilities near a plant--such as schools or hospitals
--where special equipment or personnel may be required to effect evacuation, and
there may be some people near a site who may choose not to evacuate. Several
facilities of this type have been identified near the CRBRP site, such as the
Loudon County Memorial Hospital, Roane County High School, and facilities related
to national security, Therefore, actual evacuation effectiveness could be greater
or less than that characterized but would not be expected to be significantly
less.
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Table J.4 Activity of radionuclides in the CRBR reactor
core at 1121 Mwt

Radioactive inventory
Group/radionuclide in millions of curies Half-life (days)

A. NOBLE GASES

Krypton-85 0.1 3,950
Krypton-85m 5.0 0.183
Krypton-87 8.0 0.0528
Krypton-88 11.4 0.117
Xenon-133 52.3 5.28
Xenon-135 56.5 0.384
B. TIODINES
Iodine-131 30.0 8.05
Iodine-132 40.8 0.0958
Iodine-133 51.5 0.875
Iodine-134 54.7 0.0366
Iodine-135 50.4 0.280
C. ALKALI METALS
Rubidium-86 0.14 18.7
Cesium-135 0.66 750
Cesium-136 2.7 13.0
Cesium-137 1.7 11,000
Sodium-24* 17.4 0.63
D. TELLURIUM-ANTIMONY
Tellurium=-127 3.7 0.391
Tellurium-127m 0.54 109
Tellurium-129 9.7 0.048
Tellurium-129m 2.7 34.0
Tellurium-131m 4.5 1.25
Tellurium-132 40.0 3.25
E. ALKALI EARTHS
Strontium-89 16.0 52.1
Strontium-90 0.7 11,030
Strontium-91 21.0 0.403
Barium-140 ' 42.0 ' 12.8
F. NOBLE METALS
Molybdenum-99 46.6 2.8
Technetium-99a 40.3 0.25
Ruthenium-103 52.6 39.5
*Sodium-24 (in the coolant) was represented by cesium-136 in the
consequence analysis using the CRAC code.
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Table J.4 (Continued)

Radioactive inventory
Group/radionuclide in millions of curies Half-life (days)

F. NOBLE METALS (Continued)

Ruthenium-105 38.5 0.185
Ruthenium-106 19.6 366
Rhodium-105 38.5 1.50

G. RARE EARTHS, REFRACTORY
OXIDES, AND TRANSURANICS

Yttrium-90 0.71 2.67
Yttrium-91 20.4 59.0
Zirconium-95 36.2 65.2
Zirconium-97 40.9 0.71
Niobium-95 34.8 35.0
Lanthanum-140 42.2 1.67
Cerium-141 42.9 32.3
Cerium-143 34.8 1.38
Cerium-144 20.2 284
Praseodymium-143 34.8 13.7
Neodymium-147 17.0 11.1
Neptunium-239 1100 2.35
Plutonium-238 0.38 32,500
Plutonium-239 0.11 8,900,000
Plutonium-240 0.10 2,400,000
Plutonium-241 13.0 5,350
Americium-241 0.16 150,000
Curium-242 14.0 163
Curium-244 0.01 6,630

Note: The above grouping of radionuclides corresponds to that in
Table J.2. ‘

The other protective actions include: (1) either complete denial of use
(interdiction), or permitting use only at a sufficiently later time after
appropriate decontamination of foodstuffs such as crops and milk, (2) decontami-
nation of severely contaminated environment (land and property) when it is
considered to be economically feasible to lower the levels of contamination to
protective action guide (PAG) levels, and (3) denial of use (interdiction) of
severely contaminated Tand and property for varying periods of time until the
contamination levels are reduced by radioactive decay and weathering so that
land and property can be economically decontaminated, as in (2) above. These
actions would reduce the radiological exposure to people from immediate and/or
subsequent use of or Tiving in the contaminated environment.
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Figure J.1 Schematic outline of atmospheric pathway consequence model
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Early evacuation of people from the plume exposure pathway zone (EPZ) and other
protective actions as mentioned above are considered essential sequels to
severe nuclear reactor accidents involving significant release of radioactivity
to the atmosphere. Therefore, the results shown for CRBRP include the benefits
of these protective actions.

There are uncertainties in each facet of the estimates of consequences (see
Figure J.1) and the error bounds may be as large as they are for accident prob-
abilities. The results of the calculations, based on conservative assumption
of a 12-hour delay in evacuation, are summarized and compared with those for
the Midland plant (LWR) in Table J.5 as expectation values, or averages of en-
vironmental risk per year of reactor operation. These averages are instructive
as an aid in the comparison of radiological risks associated with potential
CRBRP accidents and those risks calculated for recently evaluated LWRs (such as
Midland) for which calculations of radiological risks were made in essentially
the same manner. The table shows the average risk associated with population
dose, early fatalities, latent fatalities, and costs of protective actions and
decontamination.

Table J.5 A comparison of average values of environmental
risks due to selected CRBRP accidents with those
for the Midland plant

Environmental risk CRBRP Midland
(per reactor year) (1121 MWt) (2552 MWt)

Population exposure

Person-rems within 80 km 3.9 26
Total person-rems 5.5 130
Early fatalities 6.7 x 10-¢ 1.5 x 10-5

Latent cancer fatalities

A1l organs excluding thyroid 0.3 x 10-3 7.2 x 10-3
Thyroid only 0.04 x 10-3 1.8 x 10-3
Cost of protective actions $690% $4,800%

and decontamination

%1980 dollars

The population doses and Tatent fatality risks may be compared with the popula-
tion doses for normal operation given in Table 5.13 of the FES. The comparison
shows that the accident risks are comparable to operating risks.

For perspective and understanding of the meaning of the early fatality risks,
6.7 x 10-8 early fatalities per reactor-year total for all the population, the
staff notes that to a good approximation the population at risk within about
16 km (10 miles) of the plant is expected to be about 80,000 persons in the
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year 2010. Accidental fatalities per year for a population of this size, based
upon overall averages for the United States,* are approximately 18 from motor
vehicle accidents, 6.2 from falls, 2.5 from drowning, 2.3 from burns, and 1.0
from fire arms.

In particular, the presence of the large quantity of sodium as the CRBRP coolant
would significantly affect the behavior of the radionuclides released from the
CRBRP core. A large quantity of sodium chemically and physically combined with
the radionuclides released from the core would contribute to agglomeration and
settling of the radionuclides in the containment, thereby reducing the fractions
of radionuclides released to the atmosphere. On the other hand, the sodium
activation products would also be released to the atmosphere along with the

core and structural radionuclides. This contribution of sodium to the
atmospheric release of radionuclides, and hence to the radiological risks of
postulated severe CRBRP accidents, has been considered.

The CRAC consequence model used by the staff does not, at present, account for
the consequences of sodium-24. In lieu of Code modifications, the staff has,
therefore, used a surrogate from the 1ist of nuclides presented in Table J.4 to
represent the radioactivity of sodium-24. A comparison of the dose conversion
factors of sodium-24 with those of the other alkali metals in Table J.4 showed
a good comparison between the radiotoxicity of sodium-24 and cesium-136. Ac-
cordingly, the consequence analysis has been revised by increasing the cesium-
136 source inventory by the amount equivalent to sodium-24 in